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THE INFLUENCE OF RESPIRATION ON VENOUS 
PRESSURE 

By 0\TD 0 iIE\"ER ahd WTlXTAil S MIDDLETON 
(Prom the Department of Medicine Unieerstty of Wisconsin) 

(ReccE ed for publication May 1 1929) 

The effects of the respiratory movements upon the circulaDon have 
senously concerned physiologists and climaans for many years The 
classical experiments of PoiseuiUe (1) consbtute the first substantial 
contnbution to the knowledge of the influence of respiration upon the 
lenous flow The following quotations state bs conclusions 

Ajnsi, au moment de 1 inspiration, 1 air de la poitrine se raxSfiant par la dilata 
tion de Cette cavitd, la pressiou de 1 atmosphere I’emporte sur celle de I’air qui y 
est renfenn6 et le sang des veines jugulaires tend i se prfdpiter dims le thorax, 
au contralre, dans I’expitation, la poitrme se resserrant, la pression de I’air mtt- 
rieur devient plus grande, les veines sent compnm6es, par suite le sangdeces vaia- 
seaux reflue hors de la poitrme 

Ainsi, nous crojons de\oir conduce qm si I’lnspiration appelle vers la poitnne 
une cerlaine quantiti de song veineux Texpiration aussi concourt puissamment 
4 mouvoir le sang vers le coeur 

Nous conduons que 1 aspiration due 4 la dilatation de la poitrme et 4 celle du 
c6t6 droit du coeur n est point la cause pnnapale du mou\ ement du sang veineux 
mais que par cette aspiraUon les gros troncs veineux se diebargeant dans la pol 
tnne, le sang vemeux des autres \eines trouve seulcment moins de risistance 4 
se mouvoir, cette cause n’est done qu’nccessoire et nen de plus, 

A considerable hterature has grown about this subject, but no 
worker has earned his studies to more exact conclusions than PoiseuiUe. 
One of his most important observations was the mcrease m the re- 
spiratory influence on the venous pressure as the thorax is approached 
Burton Opitz (2) b> improved methods established a decrease m 
^ enous pressure from the periphery to the center of the arculation at 
the rate of 1 mm of mercury for each 35 mm distance Negative 
pressure was first noted bj him m the \ ems m dose proximity to the 
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thoracic cavit}", and vanations m the venous pressure dependent upon 
the respirator}" movements were most marked here The lowest 
pressures were recorded at the end of mspiration and the highest at 
the end of expiration Burton-Opitz estabhshed a disappearance of 
the negative venous pressure even in the veins abutting the thoraac 
cavity, when the negative mtrapleural pressure was reheved by a 
pneumothorax By electropolygraphic methods Waud (3) noted 
the rise of the venous curve in the latter half of inspiration and its 
continuance mto the begmnmg of expiration The penod of inertia 
into the expiratory phase constituted about two cardiac cycles 

]\Iost authonties are apparently agreed on the minor influence of 
the respirator}" activity on the venous pressure in the small penpheral 
vems of normal individuals Sewall (4) remarked that “the super- 
fiaal veins of the extremities normally ddate and the pressure within 
them mcreases as result of inspiration The respiratory movements 
of the veins correspond with the respiratory changes in artenal blood 
pressure ” This phenomenon he attnbuted to the mcreased flow from 
the capillary bed, but ample evidence (5) (6) is available to disprove a 
direct relationship between either capillary or artenal blood pressure 
and venous pressure Furthermore, Gottwald (7) adduded evidence 
that the venous pressure changes of respiration are mdependent of 
arculatory acceleration and apparently entirely dependent upon 
changes m the mtrapleural negative pressure Bedford and Wnght 
(8), by the direct method of Claude, found no influence on the venous 
pressure (in the arm vems) of nor nal individuals on ordinary breathing 
One-half to one cm of water vanation was deterrmned in certain 
pathologic cases 

Some difference of opimon exists in the question of the comparative 
figures for venous pressure changes in the upper and the lower extremi- 
ties under the influence of respuation Smce the present stddies deal 
only v"ith venous pressure in the arm, the ments of the two sides of 
the question need not be discussed 

Disturbances of the respiratory rhythm reflect themselves very 
promptly in venous pressure changes Bedford and Wright (8) 
recorded invariable nses m the venous pressure on holding a deep 
breath, for example, a normal pressure of 7 cm of water rose to 25 cm 
Conversely they noted falhng venous pressures on over-ventilation 
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In the headdown position Henderson, Prince and Haggard (9) estab- 
hshed a fall of from 8 to 11 cm of venous pressure m six normal sub- 
jects on voluntary hyperpnoea, the values reaclung the negative level 
Thty attributed this fall to the decreased carbon dioxide content of 
the blood In their opmion, carbon dioxide is an active veno pressor 
agent, Kroetz (10), likewise, corroborated the constant fall in venous 
pressure on over-ventilation His figures 0 7 to 2,5 cm , represent the 
sbghtest decrease recorded and he furthermore noted that this fall 
occurred within the first 20 seconds of the exerase 
These physiologic observations of the influence of respiration upon 
the venous pressure suggest many pomts of clmical apphcabon Oc- 
casion (5) has been taken to report the virtual pathognomonic value of 
venous pressure readmgs in cardiac decompensation and the conclu- 
sion has been drawn that “excluding local causes of venous obstruc- 
tion, abnormal venous pressures mvanably mean cardiac failure, m- 
dependent of the cause of failure or the assoaated disease ” Added 
expenence m the study of the venous pressure m respiratory diseases 
of the nature of lobar pneumoma confirms the conclusion above drawn 
Contrary to Kroetz’s expenence (10) bronchial asthma per se in the 
mterval between attacks mduced no elevation of the \ enous pressure 
m a senes of 1 1 cases, 8 of whom were emphysematous An additional 
group of S cases of emphysema fron causes other than bronchial 
asthma likewise faded to exceed the normal hmit of 11 cm of water 
venous pressure The figures for this group ranged from 5 to 1 1 am 
of water Dunng the asthmatic seizures the venous pressure nses 
preapitously and is maintained at high levels, as witnesses a case of 
this senes m whom the venous pressure mounted from 11 to 23 cm 
of water dunng a severe attack which lasted 24 hours An extreme 
case of pneumocomosis, termmating fatally, showed venous pressure 
readmgs between 14 and 16 cm of water, and at necropsy presented a 
clear picture of nght heart failure succeeding compensatory nght sided 
hypertrophy Four cases of pneumocomosis without signs of myo- 
cardial mvolvcment showed no rise of venous pressure 
Turmng to disturbances of the respiratory rhythm the possible in- 
fluence of Cheyne Stokes’ respiration on the venous pressure suggested 
itself Burger (11) has shown plethysmographic changes of a rhyth- 
mic order m Chevne Stokes’ respiration Accordingly venous pres 
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sure changes might be anticipated Twenty-two observations have 
been made on 18 patients with this disturbance of the respiratory 
rh}thm The elevation of the venous pressure dunng the apnoeic 
penod has been mvanable, as has also been the fall from this high level 
during the succeedmg hyperpnoea The average difference m the ve- 
nous pressure readings of the apnoeic and the hypemoeic periods w'as 
6 cm of w ater in this group of cases The greatest fluctuation oc- 
curred in a cardio-renal patient, whose venous pressure registered 28 
cm of water in apnoea and 16 cm m the hyperpnoeic penod While 
the duration of the apnoea and the degree of hyperpnoea apparently 
exerted considerable influence in determinmg the variations in a given 
mdnndual, it is important to note that no rule could be formulated for 
an average response under similar conditions m a second subect 

Significant changes m the venous pressure likewise occur under 
the conditions of general anaesthesia Meyer and Middleton (12) 
have collected data establishing a virtually constant rise of venous 
pressure dunng induction, which they attnbute to the disturbed 
respirator}'- rhythm, muscular effort and possibly an elevated carbon 
dioxide content of the blood Thereafter the venous pressure falls 
to a plateau, usually somewhat above the normal for the subject, and 
maintains this level, except for periods of muscular activity or altered 
respiration, throughout the anaesthesia 

Certain physiologic acts, as defecation, partuntion, coitus, cough- 
mg, and lifting, or occupations, as glass-bloivmg, playing wind instru- 
ments and the like, constitute an interesting problem from the circu- 
latoiy standpoint The following episode is not unusual 

E H , a white male, 64 3 'ears of age, laborer b} occupation, was admitted to 
the BradleA IMemonal Hospital on December 7, 1920, complaining of shortness of 
breath Precordial distress had de\ eloped on effort about a > ear previously and 
succeedmg this expenence dj'spnoea became mcreasmgly evident on shght strain 
About SLx months after the onset, oedema appeared m the extremities and later the 
abdomen bloated 

The past medical histor\ offered scarlet fever as the onl}' suggestive etiologic 
background The occupation of laborer had been changed to painter within the 
past 4§ vears Otherwise the social and famil> histones were irrelev'ant 

Phvsical examination established the existence of marked cardiac decompensa- 
tion with emphvsema, pulmonan oedema, relative mitral insuffiaencv, and gen- 
eral artenosclerosis Under bed rest and digitahs therapj the passive congestion 
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of the lungs, general anasarca and subjecbve condition of the patient improved 
for a tune, but on the 3Ist day after admission the venous pressure which had 
gradually advanced from 6 cm of water to 11 cm , sharply rose to 20 cm. Corns 
adentlv the oedema of the lungs mcreased and the hver was palpable S cm below 
the costal margin in the right midclavicular hne The patient became cynnotic 
and dvspnoea was profound Accordingly 400 cc of blood was let and the venous 
pressure fell to S cm with corresponding improvement in the subjective and ob- 
jective evidences of nght heart failure Within the neat two days the yenous 
pressure had stabihred at 8 cm and the general and arculaton conditions were 
satisfactory 

Thereafter the circulatory balance fluctuated and the venous pressure ranged 
from 8 to 16 cm However, on the 8th day after venesection the venous pressure 
was read at 8 cm and there were fewer basal rhles In the afternoon the patient 
was helped to a commode had an evacuabon of the bowels and fell to the floor 
dead 

So called “bed pan” deaths are relatively common occurrences m 
large general hospitals dealing with great numbers of cardio vascular 
cases In effect, the effort represented by defecation and the other 
circumstances listed constitutes a Valsalva experiment, a forced ex- 
piratory effort with the glottis closed Dawson and Hodges (13) 
have thoroughly analyzed the situation from the standpoint of the 
artenal hemodynamics Montz and v Tabora (14) and Burger (11) 
have recorded marked nses m the venous pressure under the Valsalva 
expenment to 42 cm and 50 cm of water respectively Kroetz (10) 
similarly obtained a figure of 40 cm Moder and Balsamoff (15) 
made extensive observations on this phenomenon and suggested its 
use as a measure of cardiac tonus They voiced the obvious neces 
sity of avoiding such strain, when possible, m the cardiac cripple 
On the other band, Schott (16) suggested measurements of the venous 
pressure under the arcumstonce of a static effort, raising the leg, as a 
guide to the arculatory efficiency He established a definite parallel- 
ism between the v enous pressure curve and the abihty of the heart to 
meet this static test If this were true, it seemed even more logical 
to employ a djmarmc test to establish the myocardial integntj 

First of all m order to standardize the procedure the mdirect method 
of Hooker and Ej stcr (17) for the venous pressure determmations w as 
routinely apphed to subjects m the recumbent position The subject 
was carefully instructed m the technique and the design of the Valsalva 
test, being particularly cautioned after taking a deep inspiration to 
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exert as great an expiratorj^ effort for as long a period as possible 
One hundred and two tests were made on 51 normal subjects The 
readmgs were taken at as frequent intervals as possible during the 
penod of stram, and an assistant with a stop-watch recorded the time 
of these observations The results were constant in the steady ad- 
vance of the venous pressure through the period of effort The curs^e 



Fig 1 Meax Cur\'e or VE^ous Pressure RESPO^SE or 51 Kormae Subjects 

TO THE t''AJLSAEVA EXPERHEEM 
(Xo indicates observations made at vanous time intervals) 

(fig 1) of the mean pressure for the several seconds is misleading in 
indicating fluctuations, but the general upvard tendency to the 
tv enty-eighth second will convey a fair impression of the curve of the 
average indmdual After this penod the number of subjects and 
their vide vanance in pressure levels render the mean curv^e useless 
It V ill be noted that the greatest single increment or percentage nse 
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IS in the first three seconds of the Valsalva In figure 2 a single normal 
individual has been selected at random and the curve of his venous 
pressure response to the Valsalva experiment plotted against the 
averages (of figure 1) for the same time mtervals A close coinadence 
of the cun es will be remarked up to 27 seconds when the two diverge 
Naturally there is a uide individual variation in the duration and 



WITH Noriial Mean (broken line) 

the force of the expiratory effort Tailure of the subject to maintain 
the expiratory effort (or leak’ as it came to be termed) is readily 
detected in the failure of the venous pressure curve to contmue its nse 
However, 48 of the 51 normal controls continued the effort for over 20 
seconds The majonty of the group (31) mamtamed the expiratory 
effort for from 20 to 35 seconds and 17 exceeded 35 seconds From a 
normal le\cl of 7 6 cm of water only 4 mdividuals failed to exceed a 
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venous pressure of 20 cm of water m their forced expiratory effort 
The great majonty (44) ranged betw een 20 and 40 cm venous pres- 
sure at the height of their effort and 3 exceeded 45 cm One of this 
high group of 3 responded imusually m levels of 50, 52, 50 and 52 cm 



Fig 3 ]MEA^ Curve of Venous Pressure Response of 31 Normal Subjects 

TO M^ler Experiment 

(No indicates obsen'ations made at vanous time intervals) 

of n ater venous pressure, respectively, on each of four successive tnals, 
mamtaming the effort for 18, 28, 24 and 26 seconds for the correspond- 
mg tests An intervenmg rest of 2-3 minutes elapsed between the 
several tests Onl}' one other normal individual approximated this 
level (50 cm of w ater after 30 seconds of the V^alsalva test) 
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Repetition of this expiratory effort apparently developed an in- 
creased capaaty in certain individuals, in that of 51 repeated observa- 
tions 3 exceeded 55 seconds of strain However, the figures for the 
remaining tune mten als are comparable between single and repeated 
trials Again the majonty of the tests (45) showed a response of ven- 
ous pressure to between 20 and 40 cm of water Four Valsalva re- 
sponses ranged from 40 to 52 cm , mduding the three figures given in 
the last paragraph as repeated observations on an mdividual whose 
first reaction was high While the data stated do not confir n the 
impression, it is felt that, as a rule, repetition of the Valsalva effort 
at short intervals tends to cause increasingly higher response curves 
of venous pressure m a given mdividual 

The Muller experiment of a resisted inspuatorv effort ■with the 
chest m the expiratory position was investigated with relation to its 
influence upon the venous pressure Burger (11) and Kroetz (10) 
reported a constant fall to 4-5 cm and 2 5 cm of water, respectively 
Thirty seven observations were made on 31 indi-viduals and the result- 
ant mean curve (fig 3) has been plotted from the figures for the several 
seconds The greatest mcrement of mcrease m venous pressure oc- 
curs m the first 3 seconds as in the Valsalva expenment Neither the 
primary nse nor the ultimate peak is as high as m the Valsaha 
Without exception the individual curves show a constant upward 
tendency, and again seem dependent in a measure upon the duration 
and the force of the effort The highest venous pressure of 50 cm of 
water was recorded after 24 seconds of effort and significantly he was 
the same subject in whom four unusually high respxmses to the Val- 
salva were noted abo\e No explanation has been found for the 
discrepancj between these results and those reported by Burger and 
Rroetz, and it is merely affirmed that, m the present studies, ^enous 
pressure readings were made from the time of initiation of the in- 
spiratory effort iTith the chest in the expiratory position In no 
instance was there determined a fall in the xenous pressure dunng the 
continuance of the effort 

Since the* venous pressure sen es as a measure of nght heart load (5) , 
the estimation of the mxocardial reserye through some dynamic 
test such as the Valsah a or the Muller seemed feasible These tests 
of strain took precedence ox er the stat c tests such as utilized by 
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Schott (16) by reason of the difference m the load represented and 
accorduigly the greater venous pressure responses to be anticipated 
therefrom At the same time the djmamic tests have the ob\'ious 
disadvantage of a greater individual variation m the effort expended 
The Valsalva experiment was used in preference to the Muller, be- 


Sec Vi I 1 I 4*5 7 S’*! wii 



OVm O MEYEK AND -WTIXIAII S MIDDLETON 


11 


compensated cases were studied, and their response as typifi^ by 
figure 4, taken from a hypertensive subject with cardiac hypertrophy, 
comades closely with the normal mean On the other hand two 
types of response occurred where evidences of myocardial msuffiaency 
were shght but apparent In the first, as characterized by figure 5, 



Fig 5 Curve or Venous Pressure Response to Valsalva Expeeiuent in 
Partiallv Compensated Cardiac Patient (solid line) as 
Compared wrm Normal Mean (broken line) 

there resulted a very madequate response to the effort which was mam- 
tamed for a very short period In figure 6 there is represented the 
response m an individual, whose basic venous pressure before the test 
was constantly elevated, and who showed other evidences of nght 
heart inadequacy Under the Valsalva the venous pressure nse was 
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prompt but not comparable m degree to the normal pnmary^ response 
and the levels for the penod of stram were above the corresponding 
means However, the effort was continued for a much shorter penod 
than the average It may be hypothesized that nature protects 
such individuals against nght heart stram of this order by limiting 
the time over which the effort may be sustamed 



Fig 6 Curat; of VE^ous Pressure Response in Partiaxln Compensated 
Cardiac Patient (solid line) as Compared vtth Normal AIeav 
(broken like) — Valsalva Test 


CONCLUSIONS 

1 The respiratory influence on the venous pressure is considerable 
and reflects itself in certain chnical conditions 
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2 Marked venous hypertension is noted dunng attacks of bron- 
chial asthma, but m the mterval between the attacks the venous pres- 
sure IS unaltered, provided the myocardium be intact 

3 Venous pressure is elevated in the apnoeic penod of Cheyne- 
Stokes’ respiration and falls dunng the hyperpnoea, regardless of the 
basic level of the venous pressure 

4 Anaesthesia is attended by significant rises of venous pressure 
dunng mduction and by a fall to a plateau somewhat elevated above 
the normal for the subject through the anaesthetic penod 

5 Great rises m venous pressure are found dunng the performance 
of the Muller and the Valsalva experiments These changes maj'^ 
contnbute to the fatahties in cardio vascular patients under effort such 
as defecation, partuntion and the hke, which closely approximate the 
conditions of the Valsalva test 

6 As a test of nght heart effiaency such methods must have a very 
himted field of usefulness on account of the too senous nsk mvolved 
It 13 possible that the venous pressure responses to the Valsalva test 
may give some prognostic information m the borderhne case or some 
idea of the return of myocardial effiaency m the case followed through 
convalescence from a penod of decompensation 
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Circulatory failure under general anesthesia has constituted a senous 
problem in medicine from the time of the introduction of chemical 
agents for this purjxise With a measure of laboratory support in 
the demonstration of the paralyse achon of chloroform on heart 
muscle by Embley (1), acute dilatation of the heart came to occupy 
an unquestioned position of predommance in explanation of circula- 
tory collapse under general anesthetics of whatever order Scant 
chnical attenbon was granted the contnbution of Levy (2) who 
demonstrated the mcreased imtabihtj of the mammahan heart under 
light chloroform anesthesia and its reduction under deep anesthesia 
Abnormal ventricular beats were obseri'ed to arise under hght anes- 
thesia and the occurrence of ventricular fibnUation as an outgrowth 
of this circumstance led Levy to the conclusion that this disturbance 
of rhythm was probably the only important arculatory cause of death 
under chloroform anesthesia 

Notwithstandmg the sound basis of Levy’s observation, cardiac 
dilatation remained the uncritical dmical diagnosis in the circulatory 
failure of general anesthesia until Levme (3) (4) directed attention to 
the gross disturbance of cardiac rhythm attendant upon such occur- 
rences Paroxysmal auricular tachycardia, auncular fibnUation and 
paroxysmal auncular flutter were the profound arrhythmias of 
auncular ongin noted by him m cases presentmg the features of 
so-called cardiac dilatation dunng or succeeding operation 

The situation with relation to the direct action of the several 
anesthetic agents on the heart muscle resolves itself into an imanirmty 
of opinion as to the particular nsk attaching to the exhibition of 
chloroform, smee its level of toxic action on the myocardium is verj 
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unusual effort effected pronounced nse of the venous pressure m the 
apnoeic penod of Cheyne-Stokes’ respiration and fall during the suc- 
ceeding hyjierpnoea The latter observation coinades with the fall 
of venous pressure noted by Henderson, Pnnce and Haggard (13) and 
by Kroetz (12) on voluntary hyperpnoea 

Since the venous pressure reflects so distinctly, even in normal 
individuals, alterations m the force and the rhythm of respiration, 
pronounced changes m the venous pressure might be antiapated under 
the conditions of general anesthesia without thought of a primary 
circulatory responsibdity for the same The earlier division of 
general anesthesia into three stages has given way to the modem 
classificabon of Guedel (14) (15), m which the third stage is sub- 
divided mto four logical strata accordmg to well defined signs With 
the advent of imprgved methods of induction through the use of 
nitrous ovide preparatory to ether or ethylene adimnistration Waters 
(16) divides the anesthesia into two penods, induction and mam- 
tenapce Clearly the subject m Waters’ classification passes qrnckly 
through the stage of induction, which includes the older first two 
stages, to the mamtenance or former third stage, wherem the level of 
anesthesia is established by the condition of the subject and the 
operative demands of the surgeon 

In the stage of mduction the earhest effect of the anesthetic agent 
on the respiration may be to increase both rate and depth shghtly 
It has been stated that with “modem skilled anesthesia, the second 
stage IS usually passed with httle or none of the external manifestations 
of exatement’’ (15) Commonly, however, there may occur either 
extreme of hyperpnoea or of breath-holdmg Physical effort may 
further compheate the picture from the standpoint of hemodynamics 
On a maintenance level the respirations are quieter, more regular, and 
more shallow m the first stratum of the third stage whereas respiratory 
depression does not appear until the fourth stratum (of the third stage) 
of Guedel Reflex stimulation may lead to coughing, retching, 
swallowing stertor or spasmodic arrest of breathing at any stage of 
ether anesthesia Dunng mamtenance these arcumstances usuallj 
occur only m the hghter upper strata, but they may appear even in 
complete anesthesia Respiratory paralysis is a late toxic manifesta 
tion, and since it is veil beyond ani therapeutic requirement of 
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anesthesia, opportunity has not been afforded for its study in the 
present relation Indeed, modern methods have limited the present 
observations of the venous pressure changes m the maintenance 
period to the upper strata of the third stage in the mam 
With the thought of determmmg the possible effects of such alter- 
ations m normal respiratory rate, depth and rhythm upon the venous 
pressure, 42 subjects were studied through varying penods of general 
anesthesia The Hooker-Eyster apparatus (17) for indirect venous 
blood pressure determination was utihzed In addition to its estab- 
lished accuracy this method has the great advantage of affording the 
opportunity for rapidly repeated observations without serious techm- 
cal difficulty AU anesthetics were administered by Dr R hi 
Waters or his assistants, thus insurmg a measure of uniformity — 
subject, of course, to the exigenaes of the mdividual case Early in 
the study the impracticability of coordinating the results on the basis 
of duration of the anesthesia led ultimately to the exclusion of this 
detail For notes as to the stage of anesthesia Dr Waters and his 
assistants are responsible In table 1 the results have been collected 
The lowest and the highest venous pressure determinations have been 
recorded for the penods of mduction and of mamtenance in each case 
The ranges of ages and of operative procedures are wide The 
number of anesthetic agents utilized is small and cnticism may weU 
be directed toward this detail However, although mtrous oxide 
or mtrous oxide-ethylene constitute an overwhelming majority of the 
group (29 of 42), representative senes with ether after induction by 
nitrous oxide or ethylene (6) and with ethylene as the sole agent (5) 
have been studied Prior to the anesthesia a single case m the entire 
group (case 35) exceeded the upper limit of normal venous pressure, 
11 cm of water (18) In the induction phase physical effort and 
interference vnth the normal rhythm of respiration were routmely 
obser\fed to induce prompt rises m the venous pressure The low 
readings of the induction phase were m excess of the pre-anesthetic 
levels in all except 5 instances where readings were available (36 
cases) At this period the normal level was exceeded in 10 mstances 
of the lowest recorded i^enous pressiue of the 36 cases, whereas the 
high mdividual levels for the mduction period exceeded the normal 
levels in 36 of 40 cases mth adequate data Of the 4 remaining cases 
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no rule can be formulated to explain their exception Sigmficantly 
in the maintenance stage without recorded exception (36 cases) the 
figures for the low levels exceeded the pre anesthetic pressures, whereas 
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Fig 1 A Typical Cctrve Showino Vamoos Factors Affecttno Venous 
Pressure During Anesthesia 
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Fig 2 \ Typical Cory-e Showing Various Factors Apfectinc Venous 
Pressure During Anesthesia 


m 9 instances the low levels for the maintenance period were below 
those for the stage of induction As to the high levels of the mam- 
tenance penod 20 of 40 comparative figures showed levels lower than 
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or equal to those of the induction Explanatory legends m table 1 
account for unusual nses dunng maintenance A better conception 
of these circumstances may be gathered from characteristic curves 
(figs 1 and 2) 

In both curves the prompt rise during the induction of anesthesia is 
striking In figure 1 the arcumstances of physical exertion and 
respiratory mterference reflect themselves immediately m venous 
pressure elevations Attention is also directed to the fact that, 
although the level of the venous pressure tends to fall after mduction, 
still throughout the most regular penod of maintenance a plateau of 
venous pressure is estabhshed above the pre-anesthetic level This 
phenomenon is better represented m figure 2 Release from anes- 
thesia IS marked in both curves by elevation of the venous pressure 
dependent upon varymg conditions In figure 2, the venous pressure 
has been followed for a longer period after the withdrawal of the 
anesthetic agent, hence it constitutes a more charactenstic curve for 
this penod 

Two collateral observations have been made In the first place, 
on several occasions carbon dioxide has been exhibited in varymg 
proportions with an invanable nse of the venous pressure in spite of 
the over-ventilation of the subject Secondly, on two occasions 
isolated studies of the venous pressure have been made imder the 
circumstance of surgical shock In each mstance a low level was 
recorded Unfortimately, the previous trend of the venous pressure 
curve was not known and these observations are too detached to 
have other than a suggestive importance 

CONCLUSIONS 

The significant changes m the venous pressure under the conditions 
of general anesthesia may be summarized as follows 

1 Comcident with the mcreased muscular effort and the altered 
respiratory function of the induction of anesthesia pronounced 
mcreases m venous pressme are noted 

2 Thereafter succeeds a plateau of somewhat elevated venous 
pressme throughout the maintenance of anesthesia 

3 Alterations in this plateau apparently depend upon reflex stimuli 
usually m a penod of hghtened anesthesia 
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4 Release from the anesthesia is marked by elevations in the venous 
pressure dependent on such acts as retching, vomiUng, etc 

5 Carbon dioxide operates to increase venous pressure 

No effort is made to link these changes m the venous pressure under 
general anesthesia in a causal relation with the circulatory acadents 
of operation The demands of ordinary life are in excess of those 
attending an operation under a carefully admmistered general anes- 
thetic, as Marvin has stated Nevertheless, as a measure of this 
particular load on the right heart, the above data are mteresting 

Grateful acknowledgement is made for the hearty codperation of Dr 
R M Waters and his staff in this stud> 
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VARIATIONS m THE CARDIAC OUTPUT OF MAN 


V The Cardiac Output of Man During the Maiaise and 
Pyrexia Following the Injection of Typhoid Vaccine 
B i ARTHUR GROLLMAX 

(From Hit Phystoloptal Laboralorv, School of ifcjlctnc Tbs Johns Jlopklns Umtersitv, 

BaUtotort) 

(Rjcceivcd for pubbcation Slay 23^ 1929) 

IVIule investigating the effect of the environmental temperature on 
the cardiac output of man, it was observed that the values obtained 
on a subject who, several hours previous to the experiment, had 
received an injection of typhoid vacane, were much higher than the 
\alues which had previously been obtained m repeated determina- 
tions on the same mdividual This unexpected mcrease m cardiac 
output was attnbuted to the effect of the reaction to the foreign pro- 
tem mjected and it was thought worthwhile to extend the observation 
on a number of other individuals The problem seemed of mterest 
because it enabled one to determine the reaction of the heart to shght 
degrees of malaise and fever Smce the nature of this reaction to 
foreign protem, as observed after the mjection of typhoid vaccme, is 
m many respects sirmlar to the reaction following certain infectious 
processes, the results should also throw light on the cardiac changes 
which rmght be expected to accompanv these conditions Exact 
data of the chnical variations of the cardiac output are extremely rare 
because of the great inaccuraaes and difficulties which attend such 
determmations, and hence any additional data btanng on this 
problem are highly desirable 


HETHODS 

The present determinations of the cardiac output were earned out 
by the use of acetylene (1) m the method previously desenbed (2) 
By the use of this gas an extremely high degree of accuracy is easily 
obtainable and the results quoted should not be in error beyond 
± 5 per cent 

2J 
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All of the subjects used ui the present investigation were young, 
healthy medical students, who were suffiaently well acquamted with 
the general procedure to avoid the vitiatmg effects of any exatement 
or other psychic disturbance In all, except two, of the cases studied 
data were available for the values of the various functions studied 
before the mjection The control determmations on any one indi- 
vidual were always made at the same time of the day as were the 
detenmnations after the injections m order to avoid any diumal vana- 
tions of the cardiac output After at least one-half hour’s rest in a 
steamer chair, the vanous determmations were performed, with the 
precautions descnbed m previous studies (3, 4) 

The subjects for the present study were selected from those who 
had shown a rather severe reaction to a previous mjection of the ty- 
phoid vacane Except m the case of subjects 6 and 7, the results 
refer to the effects of the second of a total of three weekly mjections, 
in which one bdhon tjqihoid baaUi were mjected m the usual manner 
into the tnceps muscle of the arm The results on subject 6 were 
obtamed after the first of the three injections (500 imlhon bacilh) and 
those on subject 7 were obtamed after the third mjection 
In calculatmg the cardiac output durmg fever, it is necessary to take 
into account the dimmution in solubihty of the foreign gas used, as a 
result of the mcreased temperature of the blood As previously noted 
(1) the temperature of this blood is not exactly known but has been 
estimated for the normal condition as 37 5°C The temperature co- 
efficient for the solubihty of acetylene m blood is about 12 cc per hter 
per degree centigrade (5) Hence, by subtracting this value from 740, 
the solubihty of acetylene in blood at 37 5° (6), for every degree centi- 
grade nse m body temperature, one obtains a value which is to be sub- 
stituted m the equation used m calculatmg the heart output durmg 
pyrexia (p 

RESULTS 

The results of this study are given m table 1 
The most complete senes of results are those quoted on Subject 1 
In this case determinations were made at mtervals durmg the first 
24 hours after the injection This subject had a particularly violent 
reaction to the vaccine Two hours after the injection (table 1 and 
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TABLE I 

Tkt Bfeci of the injection oj typhoid vaccine on. the ccrdtac output pulserate, hlood pressure, 
temperaUtre (oral), and oxygen consumption 
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All of the subjects used m the present investigation were young, 
healthy medical students, who were suffiaently well acquainted with 
the general procedure to avoid th6 vitiating effects of any exatement 
or other psychic disturbance In aU, except two, of the cases studied 
data were available for the values of the various functions studied 
before the injection The control determmations on anj'^ one indi- 
vidual were always made at the same time of the day as were the 
determinations after the injections m order to avoid any diurnal varia- 
tions of the cardiac output After at least one-half hour’s rest m a 
steamer chair, the various determmations were performed, with the 
precautions descnbed in previous studies (3, 4) 

The subjects for the present study were selected from those who 
had shown a rather severe reaction to a previous injection of the ty- 
phoid vacane Except in the case of subjects 6 and 7, the results 
refer to the effects of the second of a total of three weekly mjections, 
in which one bilhon typhoid bacilh were mjected in the usual manner 
into the tnceps muscle of the arm The results on subject 6 were 
obtamed after the first of the three injections (500 miUion bacfih) and 
those on subject 7 were obtamed after the third mjection 
In calculatmg the cardiac output durmg fever, it is necessary to take 
mto account the dimmution in solubihty of the foreign gas used, as a 
result of the mcreased temperature of the blood As previously noted 
(1) the temperature of this blood is not exactly known but has been 
estimated for the normal condition as 37 5°C The temperature co- 
efficient for the solubihty of acetylene m blood is about 12 cc per hter 
per degree centigrade (5) Hence, by subtracting this value from 740, 
the solubihty of acetylene in blood at 37 5° (6), for every degree centi- 
grade rise m body temperature, one obtains a value which is to be sub- 
stituted m the equation used m calculatmg the heart output dunng 
pyrexia (1) 

RESULTS 

The results of this study are given m table 1 
The most complete senes of results are those quoted on Subject 1 
In this case determmations were made at mtervals dunng the first 
24 hours after the mjecUon This subject had a particularly violent 
reaction to the vaccine Two hours after the injection (table 1 and 
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TA^BLE I 

The efed of iht tnjedion oj typhoid vaccine on the cardiac ouipui, pulse rate, Hood pressure, 
temperature (oral), and oxyien consumption 
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TABLE — {Concluded 
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fig 1) marked changes from the resting values of the normal were 
already obtained At this time there was a vague sense of soreness 
m the joints but no severe subjefCtive symptoms Nevertheless, there 
was a rmld pyrexia, an increase of 20 per cent in the oxygen consump- 
tion, and a corresponding increase m the cardiac output The heart 
may be considered at this tune as merely respondmg to the mcreased 
metabohsm, with but shght diminution in the oxygen utilization of 
the blood 

At the time of the second determination, the subject was feehng 
quite ill and all the functions studied were greatly elevated The 
third determination on this subject was made at the height of his 
illness, 12 hours after the injection The subject was practically 
prostrate Although the pulse, blood pressure, body temperature, 
and oxygen consumption were now at their maxima, the cardiac 
output was greatly dimimshed over its previous value, when the sub- 
ject was less ill This change was brought about by a great increase 
in the oxygen utilization of the blood This also occurred m the case 
of the other subjects studied Thus m the case of the second expen- 
ment on subject 2, the cardiac output is shghtly greater than that of 
the third experiment although the malaise, pulse, fever, and oxygen 
consumption were greater in the latter experiment It thus appears 
that the change in malaise and pyrexia and the mcrease in cardiac 
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output do not occur together Instead, the greatest increase m 
cardiac output occurred soon after the injection when the pyrena and 
malaise ere at a tmnimum About 15 to 24 hours after the injection 
■when the subjective feelings were severe, the cardiac output shovred 
lesser changes than it had previouslj We must thus conclude that 



Fig 1 Grathic REPaESEKTATioN OF THE Chakges IK Pulse Rate, Teupeea 
TORE (OeAi), OvyGEK CONSUUPnOK AND CaSDUC OUTPUT DDBIKO THE 24 
Hours Following the Injecron of 1 cc. of TvpnoiD Vaccine 

The axis of abscissae represents the time of the day in hours At the pomt 
indicated by the arrow (li 00 am ), the injection was made The horizontal 
portions of the curves represent the normal ■values of the ■various functions studied 
as found previous to the mjection The cardiac output is expressed in terms of 
liters per imnute the ox> gen consumption m cc. per minute, and the temperature 
in degrees Fahrenheit The subject’s malaise followed the temperature, pulse 
rate, and oij gen-consumption curves, bemg at its maximum at raldmght, 13 
hours after the injection The malaise then subsided but mcreased ogam dunng 
the following morning and continued throughout the foUowmg da> and mght with 
a fever of over 100° 

the injection of foreign protein causes at first an increase of the car- 
diac output Tthich then partly subsides during the later stages of the 
reaction when the subjective feehngs are at their maximum 
These results as obtained on subject 1 dunng the first 24 hours 
foUowmg the mjection, are graphically represented m figure 1 

In order to compare the ■values of the cardiac output and other 
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functions studied dunng the subject’s reaction to the typhoid vac- 
cine with the normal values of these functions, it was necessary to 
obtain data on days before the mjection or after recovery It may 
be objected that such compansons are not pemussible since the heart 
output IS usually considered as varying widely from day to day This 
objection, however, is mvahd, for the concept of a vanable cardiac 
output under normal conditions is based upon erroneous data Un- 
pubhshed results^ by the author have shown that if proper precautions 
be taken to avoid such factors as psychic disturbances, temperature 
vanations, food, etc , constant results may be obtamed from day to 
day Hence the results obtamed dunng the malaise following the 
mjection of the vaccine may be compared to those obtamed when the 
subject was normal, despite the fact that the two sets of data were 
obtamed on different days This is further demonstrated by the 
close agreement between the results obtamed on the day before the 
mjection and those obtamed some days later (table 1) Except m 
the case of subjects 1 and 2, the data were obtamed in the mormngon 
the subject’s amval at the laboratory m the basal condition When 
basal determmations were impossible as m the case of the determ ma- 
tions on subjects 1 and 2, the control expenments were made at the 
same hour of the day and under the same conditions as the experi- 
ments after the mjection Such determinations were always made 
some hours after the mgestion of a very light meal, under which 
conditions as has been demonstrated (10), the value of the cardiac out- 
put is essentially that of the basal condition 

DISCUSSION 

Inspection of table 1 and figure 1 shows the marked mcreases in 
the pulse rate which follow the injection of typhoid vaccme This 
increase in pulse rate was foimd to follow the subjective feehngs of 
malaise and the pyrexia Since the cardiac output, as stated above, 
did not follow the malaise and pyrexia except dunng the early penod 

^ Further evidence for this is furnished by the demonstration (11) of the possi- 
bihtv of predicting the cardiac output of normal mdividuals in the truly basal 
condition As has been previously demonstrated (11) one can judge, from a 
single determination of the cardiac output, the degree of its abnormality 
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of the reaction, it is evident that there is a marked vanation m the 
output per beat of the heart Durmg the early period of the reaction, 
there was, in general, a marked increase m the output per beat but at 
the height of the malaise, this increase was diminished 

In general the blood pressure, after the mjection of typhoid vacane, 
shows only a moderate degree of \anabon from the normal There 
was, except m subject S, a nse m the systohc pressure and usually a 
shght nse in the diastohc pressure, although the latter was at tunes 
diminished 

The degree of pyrexia followed closely the subjective symptoms 
The mcrease m oxygen consumption, m turn, was proportional to the 
degree of pyrexia, as noted by Du Bois and his collaborators (7, 8) 

The observed changes m cardiac output can be explained as result- 
mg either from a direct stmmlabon of the heart or as a secondary 
effect of the mcreased metabohsm The relatively shght changes m 
the arteno venous oxygen differences would supjxirt the view that 
the second of these factors is responsible for the cardiac changes 
Hence, the increased cardiac outputs following the mjection of tj’phoid 
vaceme are to be considered as an attempt on the part of the orgamsm 
to maintain a constant mtemal environment, m so far as the oxygen 
utilization of the tissues is concerned At the height of the malaise, 
the relative decrea^ m the cardiac output may be related, m part at 
least, to the decrease m the volume of blood flowing through the 
jienpherv (9) This decrease m the size of the jienpheral vascular 
bed, would result m a great increase m the blood pressure were the 
latter not avoided by a dunmution m the cardiac output 

BjerlBw and Ldjestrand (12) found, m four cases of axpenmentaUy 
mduced recurrent fever, an mcrease in the cardiac output proportional 
to the increased oxygen consumption encountered durmg the fever 
This IS m accord with the present findmgs durmg the early stages of 
fever These authors faded to note, however, the failure of the cardiac 
output to follow the changes in ox> gen consumption durmg the later 
stages of fever, as shown in the present work Due to the protracted 
nature of the fevers encountered chnically, this latter state of affairs 
IS probably of greater practical significance than the changes occurnng 
dunng the very early stages of fever 


iH* JoraxJUi or cuwcal iTTisnaxTiox tou Tut, ko 1 
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SUMMARY 

A study was made of the cardiac output, pulse rate, blood pressure, 
temperature, and oxygen consumption of 8 individuals after the mtra- 
muscular mjection of typhoid vaccine The cardiac output was found 
to be greatly elevated soon after the injection but did not follow the 
malaise and pyrexia throughout the course of the reaction At the 
height of the malaise the cardiac output, although still elevated above 
the normal, was nevertheless less than it was during the precedmg 
penod The pulse rate and oxygen consumption varied uniformly 
with the degree of malaise and the pyrexia The physiological im- 
phcations of these results are discussed 
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AN APPARATUS FOR THE PROLONGED ADMINISTRATION 
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The apparatus herein described is sunilar m prmaple to that de- 
signed by Phihp Drinker and Shaw (1), but with modifications which 
will more adequately meet the speaal requirements of mfants and 
children up to twenty pounds m weight Though this apparatus has 
not as yet been available for clmical puijxises, the authors believe that 
its efiicacy has been assured both by the tests made with the apparatus 
already described (1), (2) and by the laboratory tests upon curamed 
cats in the respirator desenbed m this paper 
A few words wiU suffice to restate the pndaple upon which this 
apparatus operates The child is placed m a metal box or respirator 
which has a hole at one end through which the head protrudes and is 
sealed oS by a rubber dam about the neck After the respirator has 
been dosed, the body is then m an air-tight contamer with the head 
exposed to room air Bv means of an elcctncally dnven air pump and 
valve arrangement connected to the respirator, alternate negative 
and positive pressures may be induced A negative pressure causes 
the chest to expand and air wiU flow mto the lungs, while a positive 
pressure will compress the chest and cause the air to be expelled Thus 
a movement of the chest is induced which simulates the natural re- 
spiratory movements 

construction of respirator 

The respirator is constructed of metal sheets about 3 mm thick, 
soldered or welded together The whole top is hmged from the side 
to form the hd and consists of a metal frame m which a heavy plate- 
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1, pumps, 2, motor, 3, vents, 4, alternate, 5, valve, 6, manometers, 7, external shutters, S, adjustment for head rest, 
adjustable ring to hold collar m place 
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glass window is set m order that the body of the patient may be kept 
under observation The hd closes against a rubber gasket and is 
held fast by means of clamps which, when tightened, render the 
respirator proof against leaks 

The head passes through a sheet of rubber with a hole m the center 
This IS made m a mould m such a manner that the edge is reflected 
to form "a collar which fits snugly to the neck (fig 1) This collar 
IS made m vanous sizes, the rubber bemg thm enough to oSer no dis 
comfort As the penphery of the collar is reached the thickness of 



Fio 2 Saoittal SEcnoN op Respiratok 
1, adjustable nng to hold collar In place, Z, rubber collar, J, internal shutters 4 , 
external shutters, 5, adjustment for head rest 

the rubber is increased shghtly, thus givmg it sufiSaent body to act 
as a gasket when pressed against the nng (fig 2) about the head 
aperture 

Havmg selected the appropnate collar, the neck opening must 
then be stretched suffiaently to permit the head to pass through com- 
fortably This is effected by hand or by means of six hook-shaped 
metal bands which act as retractors When retractors are used the 
hooked ends are inserted m the opening of the collar and then drawn 
back and fastened m place, thus leaving an opening suffiaent for the 
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passage of the head through the collar The hooks are then removed 
and the collar allowed to close m about the neck The entire pro- 
cedure of adjusting the patient in the respirator for the administration 
of artifiaal respiration consumes less than one minute 

In order to prevent the thm rubber collar from bulging under the 
air pressures in the respirator and thus causmg both discomfort and 
leaks, It IS necessary to give it support This is accomphshed by two 
pairs of shutters which are cut out m such a manner that they fit the 
neck, and when closed, one pair on either side of the collar, the latter 
IS so closely confined that movement is impossible 



The head-rest may be adjusted for any height It may also be 
swung up>on a basal pivot into a horizontal position so that it does not 
constitute an interference while the dam is bemg adjusted about the 
neck 

The pressures are created by one or two vacuum cleaners of the 
ordmary household type If this unit is too noisy, a small Roots 
blower may be substituted In either case, a smgle unit will do the 
work, although two units should be available m case one fails ^ 

e hai e found that the double or “twin” unit made by the Electric Blower 
Co , 352 \tlantic Ave , Boston, answers our requirements The “Roots” blower 
is made b\ the P H & F M Roots Co , Connersville, Ind 
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The approximate mechanical requirements are that the unit shall 
dehver about 25 cubic feet of air per mmute (0 7 cubic meters) at ap- 
proximately 15 inches (38 cm ) of water pressure This speafication 
IS easily met by several makes of household vacuum cleaners, all of 
them relatively cheap and easily obtained 
The air pump is connected to the alternator at the pomts marked 
pressure and suction in figure 3 

A valve arrangement is necessary to give alternate positive and 
negative pressure within the respirator This valve, called the al- 
ternator, IS shown m figure 3 as parts A, B, and B ' The beaiings arc 
parts B and B' and are stationary Part A is rotated by the shaft 
and gears (shown on the right) at any desired rate from 10 to 50 
per minute 

When the alternator is m the position shown m figure 3, air is drawn 
from the respurator and follows the direction of the arrow down the 
low er half of the Y -tube, through the alternator to the source of suction 
The discharge side of the pump blows air back through the upper half of 
the alternator (pressure connection) and follows the arrow up and out 
through part A' When the alternator is rotated 180°, the rei’crse 
takes place, viz , air is drawn from the outside air through the bottom 
of the alternator at A, passes through the pumps, and is blown back 
through the upper half of the Y-tube and thence into the respirator 
The outlets, indicated as rents, arc helpful m controllmg the pres 
sures applied to the respirator By opening the pressure vent and 
dosing the suction vent, the respirator is kept alternately under nega- 
tive and then atmosphenc pressure By openmg the suction and 
dosing the pressure vent, alternate positive and atmosphenc pres 
sures are obtained By closing both pressure and suction i ents, 
alternate positive and negative pressures are obtained 
The vent on the Y tube (left) side may be placed ather as shown or 
on the respirator itself It permits by passing of some of the air to or 
from the respirator and thus controls the raagmtude of the pressure 
vanations The val\e on the mam pipe serves the same purpose 
We find it cona enient to hai e both valve and vent 
A water manometer connected to the respirator records the pressures 
while the pump is in action A second water manometer, also con 
nected to the respirator, but inclined at such an angle that the ex- 
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cursion of the water column is increased ten-fold, is used when the 
pump is shut off, to detect the presence of respiratory movements 
Under these conditions the respirator acts as a plethysmograph in 
which the changes in volume due to the movement of the chest may 
be recorded in terms of pressure changes 


6 



Fig 4 The Respirator Used por the Aduinistration op Carbon Dioxide 

AND Oxygen Therapy 

1 , floi\ meters, 2 , gas hood, 3 , impeller blower (CoUms tvpe), 4 , soda-hme can, 
5, wmdow, 6 , tube for escape of gas flow 

THE ADMINISTRATION OR CARBON DIOXIDE AND OXVGEN 

When it IS desired that the patient should breathe an atmosphere 
enriched with oxygen or carbon dioxide, the head may be inclosed m 
a chamber or hood (fig 4) and a mixture of air and oxj'^gen allowed 
to flow through The hood has a glass top to permit observation of 
the head of the patient It is clamped agamst the end of the respira- 
tor with a rubber gasket intervening to render the compartment air- 
tight Air and oxygen may be admitted to the hood through flow 
meters which control the rate of flow There is a rubber tube of 2 
cm bore and 75 cm long attached to the hood, the purpose of which is 



LITERS GAS MIXTURE PER HOUR 



BODY WT IN POUNDS 

Fio 5 The Rate of Gas Flow for Carbon Dioxtoe and Oxyoen Tueratv 
Ordinate at left, rate of flow of gas murture composed of equal parts of air and 
ois gen, ordinate at right, rate of oij’gen intake per hour 
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to permit the escape of the gas mixture flowmg into the hood and 
which at the same time is of such a size as to prevent the mflux of room 
air dunng mspiration from entenng the hood and thus diluting the 
gas mixture The ox3fgen is supplied from a compression cyhnder 
and the air from a similar source or from a compressed air line The 
concentration of oxygen m the hood is regulated by varying the rela- 
tive rates at which oxygen and air are admitted 
It has been shown that 60 per cent of oxygen m the respired air can 
be used without injury to the lungs, but that higher concentrations 
may be dangerous If, on the other hand, we attempt to safeguard the 
patient by reducmg the oxygen concentration to about 40 per cent, 
much of the advantage of oxygen therapy will be lost WTien air and 
oxygen are mixed in equal parts the resultant mixture contains 60 5 
per cent of oxygen If the gas mixture is allowed to flow at a sufli- 
ciently high rate, the oxygen consumed by the patient will have only a 
neghgible effect upon the concentration of oxygen m the hood This 
point will be made clear by reference to figure 5, in which the rates of 
flow are given for children accordmg to their weight Suppose, for 
example, that we desire to administer oxygen therapy to a child weigh- 
mg ten pounds This is accomphshed by rimnmg the 60 per cent 
oxygen mixture through the hood at a rate of 80 hters per hour To 
obtain this mixture it is only necessary to regulate the air flow at 40 
hters per hour and the oxygen at the same rate as read off on the 
flow meters Eighty hters of a 60 5 per cent oxygen mixture con- 
tam 48 4 liters of oxygen Reference to the broken curve of figure 
5 shows that a child weighing ten pounds wiU use up about 2 hters of 
oxygen per hour The resultant mixture m the hood wiU consequently 


, , T 48 4 - 2 o' 

be about — 

L 80 


58 per cent of oxygen instead of 60 per cent 


Samples of gas withdrawn from the hood show that the oxygen does 
not depart from the calculated concentration by more than 1 per cent 
If it IS desired to remove the carbon dioxide completely, then a 
blower similar to that used with a Benedict metabohsm apparatus 
may be attached to the hood and the air kept m arculation through 
soda lime On the other hand, if it is desired to admmister carbon 
dioxide, then, by regulatmg the rate of gas flow through the hood, the 
carbon dioxide in the expired air may be built up to any desired 
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level the gas flow through the hood is SO, 33 and 25 times as 

rapid as the rate of carbon diovide excretion, then the concentration 
of carbon dioxide will be 2 ± 0 5 per cent, 3 ± 0 7 per cent, and 4 ± 
1 per cent, respectively, the vanations m per cent representing the 
individual vanations in the metabohc rate of children of the same 
weight As an example we may take once more the child of ten 
pounds Such a child wfll excrete about (0 8 X 2) 1 6 liters of carbon 
dioxide per hour, which added to 80 liters will give a concentration of 



2 per cent carbon diomde 


If It is desired to admmister 4 per 


cent carbon dioxide to this child, then the gas flow mu^t be reduced to 
40 hters per hour At this rate the oxygen consumed will reduce the 
oxygen concentration of the respired air to 55 5 pier cent This, 
however, is not a significant reduction 
It must be understood that by a few simple calculations any con- 
centration of oxygen which may be desired can be passed through 
the hood by altering the relative rates of flow of oxygen and of air 
The hood may be used during the artifiaal respiration of the patient, 
or, with the hd left open, the respirator may be made quite as com- 
fortable as a bed, while carbon dionde or oxygen is administered to 
children who are breathing spontaneously 


ARTIFICIAL RESPIRATION OF CURARIZED CATS 

In order to test the efficacy of our apparatus in cases of suspended 
or impaired respiration, a senes of experiments was- earned out ujxm 
cats whose respiration had been paralyzed b> an injection of curare 
An intrajientoneal mjection of barbital sodium rendered the cats 
qmcscent and insensible to the operation involved by the insertion 
of a tracheal cannula After the cat had been placed in thd respirator, 
the tracheal cannula was connected to Tissot values and the minute 
volume of the normal breathing was detenruned by a collection of the 
expired air in a spirometer The respiration was then corapletelj 
suspended by an injecbon of curare through the external jugular, and 
respiration sustained by the respirator 
By means of the sjstem of valves and vents attached to 'the air 
ducts of the pump and alternator, the pump can be made to create 
any degree or combination of pressures in the respirator which may 
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be desired positive alternating with negative, positive alone or 
negative alone, and any degree of pressure up to 50 cm or more of 
water The effect of these variations m kmd and degree of pressure 


TABLE 1 

Per ccni deviation from tlip normal respiratory volume rcsuUtiig from alternate positive and 
negative pressure, negative pressure alone, and positive pressure alone* 



Eipcnmtnt 

DeviatJOQ from nonnAl respiratory \ olurae at varj mg pressures 
(cm HaO) 

B 

1 6 

1 

10 

1 

12 

1 

IS 

20 

30 



ceni 

per cent 

jttr cent 

PtT cent j 

■fcT cent 1 

per uni 

per cent 


1 

-17 

+27 

+155 

1 





2 




+44 

+62 

+280 

+650 

■r-. , •» 

3 

-31 

+84 

+ 190 



+451 

+766 


4 


+ 1 

+57 


+ 193 

+268 

+563 

negative 

5 


+27 

+87 


+ 192 

+366 



Average! 

-24 

+34 

+ 122 


+229 

+362 

+665 


1 



+77 


+ 165 

+300 



2 

1 



+65 

+67 

+339 

+672 


3 


-18 

+170 


+269 

+427 

+741 

Negative only • 

4 

5 


-52 

+1 

j 

+ 127 

+211 

+545 


Average! 


-35 

+83 


+ 187 

+313 

+643 


1 





-12 

+ 10 

+31 


2 

3 

i 


-12 

1 

-6 

-7 

-7 

Positise only ■ 

4 

i 


-40 



-27 

-12 

1 

5 



+3 



+ 10 

+18 


Average! 

1 


-16 


-9 

-3 

+8 


* The 4- sign signifies that the ventilation is in excess of normal, and the sign, less 


than normal 

t Expenment 2 not mcluded m average 

was measured by the volume of expired air collected in the spirometer 
per minute The alternator was set to give 25 breaths per minute 
The results of five experiments are given in table 1, which gives the 
per cent deviation from the normal respiratory volume The same 
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data are shown m graphic form m figure 6 The points give the aver- 
age value for all experiments except no 2, the ormssion of which will 



Flo 6 Respieaioey Response of Corasiied Cats to Differen-i 
PSESSORES 


be explained The points which fall below the 0 absassa indicate the 
degree to which the ventilation was inadequate, those above the 0 
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abscissa indicating ventilation in excess of normal It will be ob 
served, from inspection of table 1, that there is a large individual 
vanation m the respiratory response to a given pressure At an 
alternating positive and negative pressure of only 6 cm of water, 
the ventilation proved to be adequate in aU cases except cat no 2, 
m which case it was necessary’- to mcrease the pressure to 12 cm in 
order to equal the normal respiratory volume 

As might be expected, the alternate apphcation of negative and 
positive pressure was somewhat more effective than the negative 
pressure alone The fact that an even greater difference does not 
occur IS probably due to the fact that, when weU stretched into the 
inspiratory position the chest tends to snap back to an expiratory 
position rather than to the normal resting position, thus expelhng a 
certain amount of supplementary air The curves under discussion 
indicate that even when an increase of 650 per cent of the tidal volume 
has been reached, there is no tendency for the thoraac wall to offer 
increased resistance to the stretching effect of the negative pressure, 
on the contrary, instead of becoming flattened the curves become 
shghtly steeper Since no pressures above 30 cm of water were used 
we cannot say at what pomt the curves would commence to flatten 
out 

The positive pressure used alone was just sufficient to sustain the 
normal ventilation in four out of the five experiments, and showed 
but httle tendency to increase with increasing pressure This is 
about what we should expect in consideration of the fact that it is 
qmte impossible to over-ventilate a human subject by the Schafer 
method, which operates by positive pressure alone Cat No 2 
proved to be so resistant to positive pressure alone that it was im- 
possible to sustam hfe without the assistance of about 12 cm of 
negative pressure, and was equally resistant to negative pressure until 
20 cm had been reached, at which pressure it approximated the aver- 
age response of the other four cats Except m the instance cited the 
ventilation was noimal at an altematmg positive and negative pres- 
sure of about 6 cm of water These results agree very closely with 
those of Phflip Dnnker and Shaw (1) using intact human subjects 
Thej' found that a pressure of 6 to 10 cm of w^ater nas sufficient to 
cause normal respiration, while increased pressures caused a proper- 
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tionate increase m the respiratory volume which was quite beyond the 
power of the subject to resist 

At mtervals throughout these expenments the pump nas shut off 
and the onset of cyanosis was followed by observmg the color of the 
tongue, which was drawn from the mouth and held in a convement 
position After asphyxia had progressed as far as we deemed consist- 
ent wth life, respiration was resumed and the normal color of the 
tongue returned m about twenty seconds 

An experiment was done to determine the effect of rate of respiration 
upon the volume of air taken into the lungs at a given pressure It 
will^be observed from insjiection of table 2 that the tidal volume when 


TABLE 2 

FJftci ofrcspiratorf rate upon the tidal volttmo, using aliemate pontiK and negaiivt pressures 
22 and 37 (tmes per minute 


Preuura 


lutfl n 

1 

lute 37 

cm OrO 

a 1 

« 

±6 


23 g 

±10 


34 2 

±15 


52 8 

±20 


87 7 


the rate of breathmg is 22 pier minute is practically identical to that 
obtained at a rate of 37 It becomes clear from these figures that the 
filhng of the lungs is complete for any given pressure at all rates of 
breathmg withiij the physiological hmits 

SUMMARI 

1 An apparatus has been desenbed which will mduce breathing in 
children suffenng from respiratory failure While the body is in- 
closed in an air-tight chamber, the head protruding through a rubber 
dam at one end, the chest and abdomen will rise and fall in response to 
altematmg negative and positive pressures created withm the chamber 
by means of an air pump 

2 By means of an air tight chamber which fils over the head the 
carbon dioxide and oxi gen content of the respired air may be regulated 
to meet the demands of carbon dioxide or oxygen therapy 
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3 The operation and efficacy of the respirator has been tested upon 
curarized cats 

We wish to express our thanks to Mr Fredenck J Chnstensen, 
Supenntendent of the Machine Shop of the Harvard Medical School, 
for his co-operation and valuable suggestions m perfecting the techni- 
cal details of our apparatus 
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TTTK measurement of capillary pressure under 

NATURAL CONDITIONS AND AFTER ARTERIOLAR DILA- 
TATION, IN NORMAL SUBJECTS AND IN PATIENTS WITH 
ARTERIAL HYPERTENSION AND WITH ARTERIOSCLER- 
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(From Iht Thorndike Memorial Laboratory^ Boston City HospUol, and the Department of 
Medtctru, Eanord iledtcai School, Boslon) 
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INTRODUCTION 

jMeasurements of capillary pressure ha\e been made bj vanous 
observers The significance of the results is under dispute and there is 
no unanimity of opimon either as to the best method for deterrmnmg 
capiUary pressure or as to the absolute value of that pressure m man 
The importance of the subject is self-evident Not only is it highly 
desirable to know the pressure of the blood m those vessels i\ hich act 
as distributing stations for the tissues, but the normal capillary pres- 
sure must first be known before abnormal pressures can be evaluated 
The knowledge of the capillary pressure is particularly imjwrtant in 
artenal hypertension and m arteriosclerosis as an aid to our understand- 
mg of the nature of these conditions The mvestigations reported 
m this paper concern the pressure in the capillaries of people with nor- 
mal cardiovascular systems, and of patients with artenal hypertension 
and artenosclerosis, both under natural conditions and when the arte- 
noles have been artifiaally dilated 

Since vonKnes (1) (2) first descnbed a method for the detenmnation 
of capillary pressure m 1875, many observers have reported values 
which have ranged from 4 to 70 mm of Hg No attempt will be made 
here to review completely the literature This has been adequately 
done m the reviews of Fnedenthal (3), Danzer and Hooker (4), and 
Tigerstedt (5) 

' This invesUgation was aided bj a grant Irom the Wilham W IV ellmgton Re 
search Fund of the Harvord Medical School, and by a grant in memorc of Franas 
W Peabodv b> the Ella Sachs Plote Foundation 
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METHODS 

There are three general methods for the measurement of capillar} 
pressure (A) The oldest and that most frequently employed is that 
of estimating the pressure necessary to cause a certain degree of blanch- 
ing of the skm The values, expressed m millimeters of mercury, ob- 
tained with this method for the normal capillary pressure by some of 
the investigators, are as follows von Knes (2), 37 7, Natanson (6), 
70 5 , von Basch (7), 25-30, Rotermund (8), 26 8, von RecLhnghausen 
(9), 52 5, Schiller (10), 40, Basler (11), 7, Landerer (12), 17-25, Gold- 
mann (13), 8 5, Krauss (14), 6-9, Bnscoe (15), 23 5, Krogh (16),' 8 
There is obviously a great discrepancy in the results This is partly 
due to the vanous types of apparatus employed and partly to the var- 
ious criteria of pahng 

(B) The second method is based on the observation under the mi- 
croscope of mdividual capdlanes and the determination of the pressure 
necessary to cause an alteration m the veloaty of blood flow through 
such a vessel This technic was first devised by Roy and Brown (17) 
(18), m 1879, who observed that the capiUanes m the web of a frog’s 
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mgs of 3 5 to 6 0 mm of mercury Landis (37) has employ ed a some 
what smular technic m studying capillary pressure m the frog’s 
mesentery and finds the pressure to average 11 mm of Hg 

It will be seen that there are objections to each method 

(A) The first and paramount objection raised against the skin 
blanchmg method is that the skm color is largely determined by the 
blood m subpapillary venous plexuses, and therefore the pressure deter 
mmed is not that of the capiltanes but rather of the minute venules 
It IS true that the skin color is chiefly due to blood m the subpapillarv 
venous plexuses and that in blanchmg the skm these plexuses are 
compressed Nevertheless, when external pressure is applied over an 
area of several square centimeters, as is done m the skm blanchmg 
method, it seems reasonable that this pressure must be of the same 
order of magnitude as that normally prevaflmg m the capillanes, and 
not the venules, m order to cause the venules to collapse and the skm 
to pale If a pressure is apphed which is only equal to the normal 
pressure of the venules, there may be a tendency for a compression of 
these vessels, but immediately the higher pressures m the capillanes 
which are directly adjacent to the venules will be transmitted to them 
and the venules wiU reopen and remain open until the external pressure 
IS raised to a point equal to the normal capillary pressure Therefore, 
although the blanching of the skin is mdeed due to a closure of the 
rmnute venules, the pressure relationship® obtamed may well be as 
accurate an index of true capillary pressure as is obtamed by the more 
compheated and not undisputed method of microscopic exammation 

The blanchmg methodis also cnticized on the grounds that different 
skms vary greatly in their mtensity of colonng, due to the degree of 
dilatation of the subpapillary plexuses, and that the ease of determma 
tion of blanchmg is dependent not only on the degree of color but on 
the visual acmty and skill of the observer 

(B) In the method of microscopic exanunation one is studying very 
few capillanes m one location, i e., the nail bed Even among these 
few, pressure values vary either because of varymg tone of individual 
capillanes or because different capillanes he at different depths from 
the surface, and certain of them receive greater protection than others 
from the surrounding tissues It is also recognized that considerable 
spontaneous vanations occur m the blood flow through the individual 
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METHODS 

There are three general methods for the measurement of capillar}^ 
pressure (A) The oldest and that most frequently employed is that 
of estimating the pressure necessary to cause a certain degree of blanch- 
ing of the skm The values, expressed m millimeters of mercur}^ ob- 
tained with this method for the normal capillary pressure by some of 
the investigators, are as follows von Knes (2), 37 7, Natanson (6), 
70 5 , von Basch (7), 25-30, Rotermund (8), 26 8, von Reckhnghausen 
(9), 52 5, Schiller (10), 40, Basler (11), 7, Landerer (12), 17-25, Gold- 
mann (13), 8 5, Krauss (14), 6-9, Bnscoe (15), 23 5, Krogh (16)( 8 
There is obviously a great discrepancy m the results This is partly 
due to the vanous types of apparatus employed and partly to the var- 
ious critena of palmg 

(B) The second method is based on the observation under the mi- 
croscope of mdividual capillaries and the determmation of the pressure 
necessaiy to cause an alteration m the velocity of blood flow through 
such a vessel This technic was first devised by Roy and Brown (17) 
(18), in 1879; who observed that the capillanes m the web of a frog’s 
foot can be made visible, and they obtamed pressure readings of 7 3 to 
11 mm of mercury Lombard (19) discovered that human capillanes 
m the nail bed of the finger can be observed by covenng this region 
with a drop of oil, and E Weiss (20) further studied corpuscular flow 
Subsequently many other workers have reported results, among them 
Natanson (6), Lapinski (21), Krauss (14), Danzer and Hooker (4), 
Kyhn (22), L Hill (23), and Liebesny (24) Values obtamed with this 
method are as highly divergent as those foimd by the first and simpler 
method They too range m the normal from 4 to 70 mm of mercury 
Here again vanous cntena m the estimation of changes in the capillary 
blood flow partly explain the discrepancies 

(C) The third method is that of direct measurement of the pressure 
of the blood by punctunng the capillary Krauss (14), Basler (11), 
(25), and E Weiss (26) independently attempted this by pnckmg 
through the skm and determmmg the pressure of the blood as it 
emerged Basler found a pressure of 7 mm of mercury, and Krauss 
(14) obtamed pressure values of from 7 to 10 mm of mercury Carrier 
and Rehberg (27) m a beautiful, but diflicult expenment have cannu- 
lated a smgle capillary with a fine pipette and obtamed pressure read- 
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mgs of 3 5 to 6 0 mm of mercurj Landis (37) has employed a some 
what similar techmc m studying capillary pressure m the frog’s 
mesenterj' and finds the pressure to average 11 mm of Hg 

It wiU be seen that there are objections to each method 

(A) The first and paramount objection raised against the skin 
blanching method is that the skm color is largely determmed by the 
blood in subpapillary venous plexuses, and therefore the pressure deter 
mined is not that of the capillaries but ratjier of the minute venules 
It IS true that the skin color is chiefly due to blood in the subpapiUarv 
\enous plexuses and that in blanching the skin these plexuses are 
compressed Nevertheless, when external pressure is applied over an 
area of several square centimeters, as is done in the skm bl anchin g 
method, it seems reasonable that this pressure must be of the same 
order of magnitude as that normally prevailing in the capillanes, and 
not the venules, in order to cause the venules to coUajise and the skm 
to pale If a pressure is applied which is only equal to the normal 
pressure of the venules, there may be a tendency for a compression of 
these vessels, but immediately the higher pressures m the capillanes 
which are directly adjacent to the venules will be transmitted to them 
and the venules will reopen and remam open until the external pressure 
is raised to a point equal to the normal capillary pressure Therefore, 
although the blanching of the skin is mdeed due to a closure of the 
minute venules, the pressure relationships obtained may well be as 
accurate an index of true capillary pressure as is obtamed by the more 
compheated and not undisputed method of imcroscopic exammation 

The blanching method is also cntiazed on the grounds that different 
skins vary greatly m their intensity of colormg, due to the degree of 
dilatation of the subpapillary plexuses, and that the ease of determma 
tion of blanching is dependent not only on the degree of color but on 
the visual acmty and skill of the obsen er 

(B) In the method of microscopic exammation one is studying very 
few capillanes m one locaPon, i e., the nail bed Even among these 
few, pressure values vary either because of varying tone of individual 
capillanes or because different capillanes be at different depths from 
the surface, and certain of them receive greater protection than others 
from the surrounding tissues It is also recognized that considerable 
spontaneous vanations occur m the blood flow through the individual 
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capillary loop and the differentiation whether the change in the blood 
flow IS due to the induced pressure or to spontaneous change may be 
difficult Thus a less satisfactory composite picture of capillary reac- 
tion IS obtained than when one studies the mass reaction at one time 
of all of the capillaries within a given area 

Another objection may be raised, namelj^, that the capillaries of the 
nail-bed are particularly subject to external influences, such as trauma 
and hght, and they may not represent the pressures in other capillaries 
The technic reqmres considerable exposure to light, heat and trauma, 
and thus artenolar dilatation may occur which distinctly raises the 
capillary pressure Moreover, the cntena for determining capillary 
pressure are by no means estabhshed, and it is certain that the higher 
values obtained by this method are really measurements of arteriolar 
pressure transmitted to the capiUanes when the capillary blood flow 
stops because of the compression of these vessels 

(C) The third method, that requinng perforation of the skm and 
direct measurement of the pressure, is open to senous objections If 
a simple puncture is made it is obmous that it is qmte impossible to 
know definitely what class of vessels has been perforated When the 
capillary is actually cannulated, as by the technic of Carrier and Reh- 
berg (27), the pressure determined is not true capillary pressure, but 
that of the vessel adjacent to the tip of the cannula, i e , the arteriole 
or the venule Because of the structural position of the capiflaxies in 
the skin, the chances are great that the venule is adjacent to the portion 
of the capillary loop cannulated, thus the venous and not the capillarj' 
pressure is recorded Landis, however, in the frog by modifying the 
techmc of Carrier and Rehberg, has avoided this objection More- 
over, this method involves a distinct trauma to the tissue under study 
so that the pressure values can not be said to have been obtained under 
truly normal conditions 

In om work we have employed the color blanching method for deter- 
mming the capillary pressure, not because we beheve that it is an ideal 
method, but because it is as well adapted to our purpose as any other 
It has the advantages of being simple and qmck to employ, the technic 
of the procedure can not matenallyinfluence the capillaries themselves 
and it can be utilized over a varietj’’ of skin areas IMoreover, the 
results obsen^ed in the normal and certam pathological states are 
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entirely comparative No claim i^ made that the values given are the 
absolute imlues for capillary pressure In the following discussion the 
term “capiUarv pressure” is used to signify the pressure necessary to 
cause compression of the mmute subpapillary venous plexuses, and 
whenever reference is made to healthy or normal persons we implj 
people with normal cardiovascular systems 

THE PROBLEM 

Lewis (28) has extensively investigated the reactions of the skin 
vessels He has found that when the vessels are subjected to an> of 
vanous stimuh, m particular to strokmg or to the mjection of minute 
amounts of histamme, there results a three-fold response First there 
IS a local dilatation of the capillanes, then there is a fainter butmuch 
more widespread flare or flush , and lastly a local wheal Lewis attrib- 
utes this response to a liberation m the skin of a substance, the 
action of which is identical with histamine and, therefore, is called b> 
him H substance He has shown that the surroundmg flare is due to 
an arteriolar ddatntion, for it does not occur if the artenal blood supplj 
IS shut off This flare is the result of an axone reflex, for it also ceases 
to appear if the sensory nerves in the skin area m question have degen- 
erated 

In a recent article Lewis and Haynal (29) have reported studies con- 
cermng the pressure in the rmnute vessels of such a flare by means of 
small modified \ on Reckhnghausen capsules They found the pressure 
to he between 50 and 60 mm of mercury in normal individuals 
Krogh and Rehberg (16) also have studied this problem, usmg a sum 
lar method, and have obtained values of 6 to 11 cm of water (5 to 8 
mm of mercuiy ) m the same areas The cause of a difference of about 
50 mm of mercury in the results hes m the cntena emploj ed Krogh 
and Rehberg determmed the pressure necessary to produce the first 
distinct blanching Lewis and Haynal on the other hand, measured 
the pressure necessary for the skm color to pale to that of the sur- 
rounding normal skin They showed that this is the correct cntenon 
to employ because it is necessary to take a defimte end pomt, which is 
the color of the surrounding normal skin Experimental demonstra- 
tion supports this contention 

If Lewis and Haynal’s conception is correct, and our work tends tq 
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confirm their idea, the minute vessels relax passively when they are 
congested as the result of the arteriolar dilatation m the histamine 
flare If they dilated actively, the pressure m them would be of a 
much lower order of magmtude, which seems not to be the case 

The purpose of the present mvestigation was to make comparative 
studies of the capillary and arteriolar pressures (c) in normal people, 
(b) in patients with “essential” artenal hypertension, and (c) inpatients 
with senile artenosderosis but with a normal blood pressure For the 
evaluation of the results obtained m the pathological conditions a con- 
trol group of subjects to which the same technic had been applied 
seemed essential ' The cases with artenal hypertension were all of the 
so-called essential type, without signs of cardiac or renal failure at the 
time of the test A few of the patients complamed of shght dyspnea, 
and some showed iruld renal disease Occasionally evidence of 
penpheral artenosderosis was present 

The other group of patients, those with primary senile arteriosdero- 
sis, but with normal artenal blood pressure, was selected in order to 
compare the pressure in their small vessels with that of the subjects 
with hypertension Such a comparison may throw hght on the much 
mooted question of the etiological and pathological relationship of 
artenosderosis and hypertension 

RESULTS 

The method employed by us to determine the capillary pressure 
was essentially the same as that used by Lewis and Haynal (29) For 
a detailed descnption of the apparatus the reader is referred to their 
article Both open and closed capsules were used These capsules 
were in the form of brass nngs of five centimeters diameter, and one 
centimeter depth A circular piece of glass was cemented mto the top, 
and two small brass tubes led into the sides The open capsule was 
sealed to the skm by a nm of thm celloidm The face of the other 
V as covered by a membrane of goldbeaters skm, made transparent by 
immersion in glycenne Any desired pressure could be throun sud- 
denly into the capsules from a large pressure bottle, connected with 
mercury and water manometers The site chosen for the estimation 
of the capillary pressure was always the same, the skin over the manu- 
bnum and adjoming chest v all This site was selected for the follow- 
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ing reasons (1) With the subject prone, this area has a constant rela- 
tion to the level of the heart, and is, in fact, essentially the same as that 
level, thus any influence of hydrostatic pressure is completely elimi- 
nated (2) This region is normally unexposed, and the vessels therein 
arc not chromcally subjected to the external mfluences which ma> 
affect the vessels m the face and hands (3) The vessels over the 
chest, usually respond with a marked flare to the injection of histamme 

TABLE 1 


Cam^rison of prtssurt values oblatited the open and closed capsules 


Numtwr' 

CtptUuy prmur« 

ArttrioUr pcmtiie 

Opea ctpiale 

Clotcd CApiuk 

Avenge 

Open npmle 

1 

C\o%cd 
^ capAok 

1 Avenge 


«». Ut 

Ut 

Mn, Dt 

1 «Mt- flf 

mm Bt 

mm Ut 

1 


15 

11 

59 

1 50 

55 

2 

6 

6 

i 6 

55 

50 

53 

3 

8 

6 

7 

40 

40 

40 

A 

11 

12 

12 

50 

55 

53 

S 

9 

8 

9 

SO 

55 

S3 

6 

9 

9 

9 


60 


1 

4 

6 

5 

17 

16 

17 

8 

11 

16 

13 

33 

48 

40 

9 

16 

26 

21 

40 

40 

40 

10 

9 

9 

9 

40 

40 

40 

11 

12 

14 

13 

60 

60 

60 

12 

11 

11 

11 

50 

30 

40 

13 

16 

U 1 

13 

60 

70 

65 

14 

12 

14 1 

13 

45 

70 

58 

15 

11 

16 1 

13 

40 

45 

, 43 

16 

11 

10 

11 


65 


17 

17 

17 

17 

40 

40 

40 

18 

14 

15 

14 

40 

45 

1 


• l-^,nonnaI subjects, 7-18 arteriosclerotic subjects. 


(4) This region offers the most nearly plane surface of the body, thus 
enablmg the open capsule to be sealed to the skin easily, and provides 
an underlymg bony resistance which is a prerequisite for the proper 
application of the closed capsule 

Observations with both capsules were made m almost all cases, and 
the results obtamed were in fair agreement (table 1) The values given 
in the other tables are an average of those obtamed with the tno cap- 
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sules whenever both methods were employed Many of the obsen^a- 
tions were made by both of the authors together, and after some prac- 
tice, the values obtained by each of the two observers were in close 
accord The procedure of an observation was as follows First there 
was determmed the pressure necessary to cause the minimal distinct 
blanchmg m the normal skm This cntenon for capillary pressure 
measurement seems the most accurate, since it estimates the pressure 
necessary to compress the least protected and most superficial of the 
minute vessels of the skm, m other words, those nearest to the capil- 
lanes themselves 

A local dilatation of the arterioles m the skin was next produced by 
the formation of a flare resultmg from the pncking in of a minute 
amount of a 1 1000 solution of histamine phosphate As stated 
previously, this flare is the result of an artenolar dilatation and there- 
fore the pressure m the capillanes at this time must be nearly as high 
as normally exists at the commencement of the artenolar arcuit This 
pressure was measured by throwmg mto the capsules an external pres- 
sure suffiaent to blanch the skm to the color of the normal surrounding 
skm Lewis and Haynal (29) have demonstrated that this is the valid 
cntenon to apply Thus the capillary and the artenolar pressures 
have been successively measured m the same subject 

The brachial artenal blood pressure was estimated at the same time 
as the above measurements were made The usual Riva-Rocci tech- 
mc (38) was employed The venous pressure, when measured, was 
determmed with the method of Montz and Tabora (30) 

i Capillary pressure 

The capillary pressure values, obtamed for each of the three groups 
of subjects, are presented m tables 2, 3, and 4, and m chart 1 Meas- 
urements are given for 10 normal persons, for 13 patients with 
artenosclerosis, and for 23 patients with essential hypertension 
The average capillary pressure for each of the three groups is as follows 
normal 9 mm of mercury, artenosclerosis 13 mm of mercury, hyper- 
tension 12 mm of mercury The close agreement between these three 
average figures is evident, although the capillary pressures in the path- 
ological states appear to be shghtly but definitely above normal 
The higher capillary pressure may in part be explamed by the techni- 



T\BLE I 

Brachuii, arteriolcr and caplUary Uood prtstiires tn conlrol subjects 


Vttraber 


1 DUxQO^ 

i 

B ncUal Nood pras ure 

AitaioUr ; 

C*p(U*ry 

SyftoBc 

CbistoUc ^ 

1 


1 

i 

14 

1 

Pott rheumatic fever 

Hi 

128 

mm. Bt 

64 

MS 27/ 

55 

MS 27/ 

11 

2 

29 

No disease 

124 

SO 

63 


3 

26 

No disease 

118 

68 

46 

6 

4 

21 

Convalescent 

128 

64 

S3 

6 

5 

23 

pneumonia 

No disease 

108 

65 

65 

8 

6 

45 

Peptic ulcer 

130 

90 

55 

12 

7 1 

26 1 

No disease 1 

US 1 

70 

65 

6 

8 

15 

Diabetes mdlltui 

108 

75 

40 

7 

9 ' 

34 1 

Peptic ulcer 

124 

78 

53 

1 12 

10 

14 

Furunculosis 

108 

60 

53 

9 

11 

36 

No disease 

130 

80 

60 

9 

Average 

26 1 


121 j 

72 

55 

9 


TABLE J 

Brachial artcrioiar, caplUar\ and venous biood pressures i« subjects vith arlenoscJerosu 




BUfttosU 

BncUilbkiod 

pftMort 

ArttrteUi 

C»phUiy 

Vescos 


S/tloAc 

BUi 

toCc 




1 

58 

Artervjsderotls 4*4'4' 

MM. 27/ 

124 

mm Bt 

86 


MM 27f 

5 

MM 27c 

2 

67 

Artenosderotls 4- 

105 

45 

40 

13 

+4 

3 

82 

Arteriosclerosis 4-++ 

145 

80 

40 

21 

+2 

4 

73 

Artenosc crosis + + 

145 

100 

40 

9 

+ 1 

S 

68 

Arteriosclerosis + + 

120 

75 

50 

16 

+3 

6 

73 

I^st-cardiac decompensa 
tion 

ArtenosderOiU + 

118 

80 

60 

13 

+ 1 

7 

75 

Chronic m>'ocardltis 
\rtcnosclcrosis ++ 

150 

95 

40 

11 

+2 

8 

70 

Artenosclerosia +++ 

149 

80 

65 

13 

+2 

9 

82 

Arteriosclerosis + + + 

148 

84 

58 

13 

+ 5 

10 

66 

Cerebral accident 
Artenoscleroris +•!* 

no 

70 

70 


-1 

11 

74 

Arteriosclerosis + -f 

142 

80 

47 


0 

12 

65 

Artenosdcroals 4*4* + 

140 

90 

43 

13 


13 

54 

Arteriosclerosis +4- 

124 

80 

65 

11 


14 

75 

Artcnotclcrosls 4*4* 

130 

90 

40 

17 


15 

73 

Herpes zoster 

Arteriosclerosis 4-4*4- 

135 

70 

43 

14 

-3 

Average 

70 


132 

■ 

48 

13 

+2 


55 
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TABLE 4 


Brachtal, arteriolar, capillary and venous blood pressures m subjects with hypertension 


Kumber 

1 'Be 

Diagnoais 

1 

1 

Brachial blood 
pressure 

Artenolar 

Capillary 

\ enous 

Sjttolic 

Dias 

tolic 

pressure 

pressure 

pressure 

1 

1 

49 

Hypertension 

mm Hs 

206 

mm llg 

114 

mm Us 

150+ 

mm lit 

8 

mm JIc 

-1-3 

2 

47 

Hypertension 

170 

96 

75 

11 


3 

i 57 

Hypertension 

158 

no 

120 

7 

-1-5 

4 

55 

Artenosclerosis 

Hj^iertension 

214 

» 

140 

165 

14 

+6 

5 

60 

Artenosclerosis + 
Hypertension 

170 

no 

125 

8 


6 

70 

Artenosclerosis -t- 
Hypertension 

195 

75 

60 

20 

-1-3 

7 

68 

Artenosclerosis -| — 1 — h 
Hypertension 

170 

75 

60 
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cal difficulty of estunating slight degrees of skin color change in the 
patients of the two abnormal groups, v^hich consisted largely of sub- 
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jects whose skins tended to be pale, dry and wrinkled, whereas the 
normal mdividuals were as a rule younger with firm skins of a relatively 
high color It can be stated, however, that the capillary pressures of 
normal persons, of patients with arteriosclerosis, and of subjects with 
hypertension, are of the same order of magmtude The capillary 
pressure, therefore, is essentially normal m the two pathological 
conditions studied 
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PRESSURE IN MM OP HO 


Chart il Couparattve DtsnuBuno'i of Capillary Prebsurrs m Persons 
WITH Normal Cardiovascular Systems and in Subjects with Arterial 
Hypertension and with Arteriosclerosis 

2 Artertolar pressure 

When we consider the comparative values for arteriolar pressure, 
obtained m vessels withm a skm area m which a histamme flare has 
been produced, qmte a different situation is found The data is pre- 
sented m tables 2, 3, and 4 and chart 2 The total number of cases 
studied is as follows normal, 11 , arteriosclerosis, IS , hypertension, 23 
The average values for the normal subjects and those w ith senile arteno- 
sclerosis are essentially the same, 55 and 48 mm of mercury respec- 
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tively In hypertension, however, the average measurement for arteri- 
olar pressure is 108 mm of mercury, or about 100 per cent higher than 
m the other two groups The significance of this distinctly abnormal 
finding will be discussed presently 

3 Venous pressure 

The venous pressure m every case m which it was determined falls 
wit hin normal limits It is less than 10 mm of mercury, and the 
average value is 3 mm of mercury 



PRESSURE IN MM OF HO 

Chart 2 CoitPARAxn'E Distribution of Arteriolar Pressure in Persons 
mTH Normal Cardiovascular Systems and in Subjects with Arterial 
Hypertension and with Arteriosclerosis 

DISCUSSION 

The values for normal capillar}’- pressure which have been reported 
m the hterature range all the way from 70 mm of mercury to 4 mm of 
mercur}'- The higher figures imdoubtedly depend on the fact that the 
artenolar, not the capillar}’' pressure was measured, while the low’er 
figures approach that of the venous pressure It is probable that 
many values reported for capillary pressure have actually been for 
estimations of pressure in other portions of the vascular circuit The 
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values which we and other recent investigators have found for capiUary 
pressure in normal mdividuals range from 6 to 12 mm of mercury 

There are only a few reports m the hterature of the measurement of 
capillary pressure m hypertension Easier (1 1) using the skm blanch- 
mg method and Kylm (22), usmg the technic of microscopic examma- 
tion, conclude that, in essential h-\»pertension the capillary blood pres- 
sure IS normal Kylm’s values for the pressure, m both the normal 
and hypertensive states, he between 80 and 200 mm of water (6-15 
mm of mercury) Boas and Frant (31), and Boas and Mufson (32), 
employing essentially the same technic, found that the capillary pres- 
sure may be high or low in patients with cardiovascular disease The 
patients with the two types of pressure are indistinguishable chnically 

Tor a proper comprehension of the significance of the capillary and 
artenolar pressures it is essential to understand the nature of the fall 
of blood pressure m the arterial circmt from the great vessels to the 
capillanes A considerable amount of work has been done upon these 
pressure relationships m vessels of different caliber both in man and in 
anunals Many results have been reported for blood pressure deter- 
irunations m arteries of medium to large size, andthesearenot always m 
agreement and m certain instanceff appear paradoxical In general, 
however, the results reported are similar to those of Volkmann (33), 
HtlrtWe (34), and Dawson (35) These workers, who studied the 
pressures m medium and large arteries in dogs, found that the artenal 
pressures m the vessels under consideration \ aned b> only a few milli- 
meters of mercury 

It has long been known that, in man, the pressure m the femoral 
artery may exceed considerably that in the bracbal artery Gladstone 
(36) has considered this phenomenon at length and has offered an 
explanation for it His conception is that, whereas m the brachial 
artery only the pressure head of the blood stream is measured, m the 
femoral artery, which is continuous and m Ime with the aorta, not 
only IS the pressure head measured, but also the veloaty head, which 
creates an added increment to the pressure due to the veloaty of the 
blood Itself This added pressure produced by the eloaty of the 
blood stream is a feature pecuhar to the femoral artery and does not 
obtain m the other and smaller arteries It may be concluded that 
there is a sbght fall of pressure as the blood passes through the large 
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tively In hypertension, however, the average measurement for arten- 
olar pressure is 108 mm of mercury, or about 100 per cent higher than 
m the other two groups The significance of this distmctly abnormal 
finding wiU be discussed presently 

3 Venous press^ure 

The venous pressure in every case in which it was determined falls 
withm normal limits It is less than 10 mm of mercury, and the 
average value is 3 mm of mercury 



PRESSURE IN MM OF HO 

Chari 2 CoirPARAxrvrE Distribution op Arteriolar Pressure in Persons 
VTTH Normal Cardiovascular Systems and in Subjects with Arterial 
Hypertension and with Arteriosclerosis 

DISCUSSION 

/ 

The values for normal capiUar)’^ pressure which have been reported 
m the hterature range all the w'ay from 70 mm of mercurj'^ to 4 mm of 
mercur}’’ The higher figures imdoubtedly depend on the fact that the 
artenolar, not the capillar}^ pressure was measured, while the low er 
figures approach that of the venous pressure It is probable that 
many values reported for capillarj’^ pressure have actually been for 
estimations of pressure in other portions of the vascular circuit The 
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3 and 4 The pressure then falls rapidl> to the normal value m the 
vems 

When the same curve for the pressures of hypertensive patients is 
considered (chart 3) it is found to vary in its contour from the normal 
The mean brachial pressure is, of course, distinctly' higher, in our 



Chart 3 Diagraiuiatic Represektatiov of Fall in Blood Pressdke in 
Vascular Circuit in Subjects with Hypertension Compared utth the 
Normal 

r Shaded and stippled areas represent alteration m the pressure relationships 
in the skin vessels after the injection of histamine The lower boundaries of these 
areas represent the pressure gradient under natural conditions the upper bound 
aries this gradient after the injection of histamine 

cases bemg 155 mm of mercury The capillary pressure, on the other 
hand, is of essentially the same order of magmtude as in the normal 
patients, 12 mm of mercury There must be, therefore, a distmctly 
greater fall in the artenal circuit than m normal subjects There is 
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and medium-sized artenes, but that this fall rarely, if ever, exceeds 20 
mm of mercury 

Few reports are available deahng with the fall of pressure between 
the medium-sized artenes and the artenoles It is safe to assume that 
there is a moderate fall here, but from a consideration of the total diam- 
eter and length of these vesssels, there is no reason to beheve tliat 
there is any important drop m the blood pressure 

There has been a controversy among physiologists as to whether the 
chief pomt of resistance m the vascular arcmt hes m the artenoles or 
the capillaries The earher behef was that the capiUanes themselves 
offer the greatest resistance and that the drop in pressure is most marked 
here More recently, however, it is generally accepted that the blood 
pressure falls markedly m the artenoles (precapillanes), due to the 
resistance existmg here, and therefore the pressure m the capdlanes 
would tend to approach that m the veins In the mam, the many 
observations on capillary pressures tend to confirm this view 

In tie accompanymg diagrams (charts 3 and 4), there is a schematic 
representation of the fall of blood pressure from the large artenes to the 
vems m normal mdividuals and patients with hypertension and arteno- 
sclerosis The values are an average of the mdividual measurements 
in each group The stars represent points m the vascular circuit at 
which actual measurements were made, namely, the brachial, capillary 
and venous blood pressures 

Under natural conditions, in normal mdmduals, there is a slight 
drop of pressure in the large and small artenes from the mean brachial 
pressure of 96 mm of mercury The total fall m these vessels is prob- 
ably not greater than 20 mm of mercury WTien the artenoles are 
reached there is a marked fall of pressure due to the increased resist- 
ance mterposed here In the capillaries of the normal subjects studied 
the average pressure is 9 mm of mercury That the most striking 
drop of pressure actually does take place m the artenoles is confirmed 
by the findmgs after the production of a histamme flare Under such 
arcumstances the artenoles are dilated, thus dimmishmg the resistance, 
so that the pressure m the capillanes at once becomes nearly as high 
as m the artenoles, and was found m our cases to average 55 mm of 
mercury This change m the pressure gradient following histamine 
injection is diagramatically represented m the shaded area of charts 
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3 and 4 The pressure then falls rapidly to the normal value m the 
veins 

When the same curve for the pressures of hypertensive patients is 
considered (chart 3) it is found to -vary m its contour from the normal 
The mean brachial pressure is, of course, distinctly higher, in our 



Chart 3 Diagraioiatic Representation of Tael in Blood Pressdre in 
Vascular Circoit in Subjecis wrm Hvpertension Cohpahed with the 
Normal 

r Shaded and stippled areas represent alteration in the pressure relabonships 
in the skin vessels after the injection of histamine The lower boundaries of these 
areas represent the pressure gradient under natural conditions, the upper bound 
anes this gradient after the injection of histamine 

cases bemg 155 mm of mercur) The capillary pressure, on the other 
hand, is of essentially the same order of magmtude as in the normal 
papents, 12 mm of mercury There must be, therefore, a distmctlv 
greater faU in the arterial arcuit than in normal subjects , There is 
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no reason to believe that m essential h5rpertension the resistance inter- 
posed by the artenes themselves is markedly greater than under 
normal conditions The mcreased resistance in hypertension must 
accordmgly be m the arteriolar portion of the circuit so that the fall m 
pressure occurs here In artenal hypertension when the artenolar 

•fHj * 



Chart 4 Diagraaqiatic Representatio\ of Fall in Blood Pressure in \ as- 
cuLAR Circuit in Subjects with Arteriosclerosis Compared mtth the 

Normal 

Shaded and stippled areas represent alteration in pressure relationships in the 
skin 1 essels after the injection of histamine The Ion er boundaries of these areas 
represent the pressure gradient under natural conditions, the upper boundanes 
this gradient after the injection of histamine 

pressure m vessels dilated with histamine vas determined, it was 
found to be on the average 108 mm of mercury, or twice as high as in 
the normal mdmduals The mcrease above normal is, m fact, 
approximately of the same order of magmtude as the mcrease of 
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brachial mean blood pressure From this important fact several 
conclusions can be drawn First, the chief resistance m the^artenal 
circuit in hypertension hes m the same portion of the circuit as m 
health, but is of much greater magmtude Second, this resistance, in 
the artenoles of the skm at least, is partly of a functional and not an 
organic character, because it can be overcome by a reflex mduced by 
the mjection of histamine, when the raised arterial pressure is trans- 
mitted into the capillanes 

Smce the capillary pressure m artenal hypertension is normal, and 
there exists a definitely mcreased resistance in the artenoles, it is sug- 
gested that the hypertension is a compensatory mechanism on the part 
of the human organism to mamtam a normal capillary blood pressure 
If no hypertension existed, the fall m pressure m the artenoles would be 
so great that the capillarj' pressure would be far below normal, the 
exchange of gases with the tissues would be senously interfered with, 
and bodUy functions would be markedly hampered 

The curve for the average pressure of the artenoscleroUc group of 
patients is sundar to that for normab (chart 4) It can, therefore, 
be concluded that artenosclerosis, per se, does not necessarily inter- 
fere with normal capillary pressure nor does it produce a greatl) m- 
creased resistance m the artenoles Indeed, the fact that the arten- 
olar pressure, in proportion to that m the brachial artery is somewhat 
lower than in normal persons, is evidence that the resistance m 
artenosclerosis is mcreased relatively in the larger vessels and not m the 
artenoles Histological observations are often in accord with this 

The 23 patients with artenal hypertension maj be divided into two 
groups, one compnsing seventeen patients with either no or shght 
clinical evidence of artenosclerosis, and the other mcludmg six patients 
wnth distinct or marked artenosclerosis One finds that the average 
artcnolar pressure of the first group is 121 mm of mercur, , and of the 
second group IS 71 mm of mercury The a\ crage capillary pressure, 
however, is about the same m each group The reason for the rela- 
te elj low value for artenolar pressure in the second group with 
marked artenosclerosis mav be dependent upon the fact that either (o) 
the mean pressure drops to a considerable degree before the artenolar 
system is reached as a result of organic changes in the large artenes, 
or (i) the true pressure in the artenoles is actuallj of the same height 
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in both groups, but because of the presence of arteriosclerosis, the 
arterioles can not respond to histamine as extensivelymth a functional 
dilatation as in the group where there is httle or no organic narrow - 
mg of these vessels The chnical behavior of these patients favors 
this second explanation 

The observation that the pressure m the capillarj" system when the 
artenoles are under the effect of histamine is higher than normal in 
patients with hypertension suggests that under certain physiological 
conditions demandmg increased blood supply, such individuals with hy- 
pertension have a greater capacity to respond with increased localized 
blood flow than do normal persons According to chart 4, patients 
with semle arteriosclerosis and a normal blood pressure tend to have 
less capacity than normal individuals to respond to the same demand 

The difference between the pressure gradient curve obtained in senile 
artenosderosis with normal arterial blood pressure and that m hyper- 
tension without artenosderosis is striking, and is evidence toward the 
belief that semle, nodular artenosderosis, and essential hypertension - 
are two distinct entities, although, as is so often the case, they may 
exist coincidentally 


SUMMARY 

1 A study is presented of the brachial, artenolar, and capillary 
blood pressures m three groups of mdividuals (1) persons with normal 
cardiovascular systems, (2) patients wnth artenal hj^ertension , and 
(3) patients with senile, nodular artenosderosis 

2 The capillarj' pressures m these three groups are of the same order 
of magnitude The average capillary pressure m normal subjects is 
9 mm of mercur>% that of patients with hypertension 12 mm of'mer- 
cury, and in patients with senile artenosderosis 13 mm of mercury 

3 The arteriolar pressure m artenosderosis is normal, but is greatly 
increased m arterial hj’pertension The average arteriolar pressure in 
normal subjects is 55 mm of mercury, that of patients with artenal 
hypertension 108 mm of mercury'^, and in patients with semle arteno- 
sderosis 48 mm of mercury’’ 

4 The chief resistance m the vascular circmt normally' lies in the 
artenolar (precapiUary') portion of the vessels 

5 Hypertension is due to an increased resistance in the vascular 
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arclut Evidence is presented that this resistance lies in the artenolar 
pwrtion, as in normal persons, and in the absence of marked arterio- 
sclerosis, IS functional in character Hypertension may be a compen- 
satory phenomenon designed to maintain normal tissue oxidation 
through a normal capillary blood flow 
6 Evidence for the basic difference bet\\ een arterial h>T>ertension 
and senile artenosclerosis is given 

We take pleasure m expressing our appreaation of Miss Rose 
Shore’s technical assistance in conducting this research 
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m both groups, but because of the presence of arteriosclerosis, the 
artenoles can not respond to histamine as Krtensively with a functional 
dilatation as in the group where there is httle or no organic narrow - 
ing of these vessels The chnical behavior of these patients favors 
this second explanation 

The observation that the pressure m the capillar}^ system when the 
artenoles are under the effect of histamme is higher than normal in 
patients with hypertension suggests that under certain physiological 
conditions demanding increased blood supply, such mdmduals with hy- 
pertension have a greater capacity to respond with mcreased localized 
blood flow than do normal persons According to chart 4, patients 
with senile artenosclerosis and a norma] blood pressure tend to hai e 
less capacity than normal individuals to respond to the same demand 

The difference between the pressure gradient curve obtained in senile 
artenosclerosis -wnth normal artenal blood pressure and that m hyper- 
tension without artenosclerosis is striking, and is evidence toward the 
behef that semle, nodular artenosclerosis, and essential hypertension ' 
are two distinct entities, although, as is so often the case, they may 
exist coincidentally 


SUMMARY 

1 A study IS presented of the brachial, arteriolar, and capillarj’’ 
blood pressures m three groups of mdividuals (1) persons with normal 
cardiovascular systems, (2) patients ivith artenal hj'pertension , and 
(3) patients with semle, nodular arteriosclerosis 

2 The capillar)' pressures m these three groups are of the same order 
of magmtude The average capillary pressure m normal subjects is 
9 mm of mercuT)', that of patients wnth hypertension 12 mm of’mer- 
cur)', and m patients wnth senile artenosclerosis 13 mm of mercury 

3 The arteriolar pressure m arteriosclerosis is normal, but is greatly 
increased in artenal h)’pertension The average arteriolar pressure in 
normal subjects is 55 mm of mercury, that of patients wnth artenal 
h)'pertension 108 mm of mercury, and m patients with semle arteno- 
sclerosis 48 mm of mercur)' 

4 The chief resistance in the vascular arcuit normally lies in the 
artenolar (precapiUar)') portion of the vessels 

5 H)'perten5ion is due to an increased resistance m the vascular 
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circuit Evidence is presented that this resistance lies in the artenolar 
portion, as in normal persons, and in the absence of marked arterio 
sclerosis, is functional in character Hypertension may be a compen- 
satory phenomenon designed to maintain normal tissue oxidation 
through a normal oipiUary blood flow 
6 Evidence for the basic difference between artenal hj’pertension 
and senile artenosclerosis is given 

We take pleasure m expressing our appreaation of Miss Rose 
Shore’s technical assistance in conductmg this research 
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THE ENDOGENOUS URIC ACH) METABOLISM IN 
PERNICIOUS ANEMIA 

Bv MATTHEW C RIDDLE' 

{From tfu Thomas Henry Simpson Uttnorial ImMnitfor Medscal Rtseorch, Ummstty of 
IIicMgan, Ann Arbor) 

(Received for pnblicaUon June 8, 1929) 

The invesUgations of Rosenquiat (1) and of Gibson and Howard (2) 
on the urmarj excretion of endogenous unc aad and of Gettler and 
Lindeman (3) on the unc aad content of the blood in permaous 
anemia suggest a disturbance of the punne metabohsm m this disease. 
The results of these studies are characterized by thar vanability and 
bj the frequency of abnormallv high values for unc acid in the blood 
and unne of patients with permaous aneniia 

These investigations were performed before the discovery by 
Minot, Murphy, Cohn and their assoaates (4) (5) (6) (7) (8) of the 
specific therapeutic effect of liver and of extracts of hver m permaous 
anemia The remarkable improi ement m patients followmg the daily 
ingestion of small amounts of liver extract suggests an assoaation 
of the disease process with some unknown disorder of metabohsm and 
indicates the importance of a rehxairunation and re€valuation of the 
existing knowledge of the metabohe mamfestations of this disease 

Fortunately hver and hver extract, aside from their remedial value, 
provide a method for the experimental control of the course of the 
disease Remissions may be produced at wiU and consequently may 
be antiapated for experimental purposes This paper deals mth the 
behavior of the endogenous unc aad metabolism dunng the early 
stages of remission in patients with permaous anemia 

MATERIAL AND METHODS 

The endogenous uric acid metabolism was studied over penods of 
ten to seventj -four days m twelve patients, aght men and four w omen, 
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and m one normal person, the latter serving as a control Each 
patient exhibited the charactenstic blood findmgs, symptoms and 
re^onse to hver extract therapy which occur in permaous anemia 
In all patients free hydrochloric acid was absent from the gastric 
contents None of these patients had used hver or liver extract 
recent]} enough or m sufficient quantities to modify the course of the 
disease, so all were observed dunng a relapse except one woman, 
who was seen first very early in a spontaneous remission 
Before treatment four of the twelve patients had red blood cell 
counts of less than 1,000,000 per cubic millimeter, six had counts 
between 1,000,000 and 1,500,000, and two had counts between 
1,500,000 and 2,500,000 Of the twelve, six were m their first relapse, 
four in the second and one was in a fifth and one in a seventh relapse 
In each patient the various dietary constituents and the total calonc 
intake were known and recorded each day To avoid exogenous 
sources of uric acid, purme-poor diets were used, from which foods 
containmg nucleic acid compounds or purme derivatives such as 
meats, fish, peas, beans, tea, coffee and chocolate were excluded 
The diets w ere otherwise limited only by the patient’s appetite 
In general the use of drugs was avoided to prevent variations in 
uric acid excretion from this source although dilute hydrochloric acid 
was given to two patients in amounts of 12 0 cc daily without ap- 
parent mfluence on the uric acid metabolism 
Estimations of the amount of uric acid excreted each 24 hours in the 
urine were made throughout each penod of observation Frequent 
estimations of the uric aad content of the blood serum of fasting 
lndl^nduals nere also made, m most patients ever} day Serum 
rather than v hole blood was used for this purpose to avoid the eflect 
of the Aariation in the number of red blood cells since uric acid is 
distributed unequally between serum and cells 

In most patients, the daily excretion of other urinary constituents 
M as determined In all patients except one, the creatmine excretion 
vas determined daily, since, being relatively constant m amount m 
the unne from day to day, creatinine senses as an mdex of accuracy 
of urine collection In some patients, the daily urinaiy'’ excretion of 
total nitrogen, urea nitrogen and ammonia nitrogen was studied 
In others onlv the amount of total nitrogen excretion v as determmed 
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The method of Folm and Wu (9) (iO) was used m unne uric acid 
determinations The direct method of Fohn-Benedict (10) (11) 
was employed in the determination of unc aad in the blood serum 
Folm’s method (10) (12) was used in the estunation of creatinine m 
the unne The colonmetnc methods (10) (13) (14) (IS) (16) of 
Fohn, usmg the modified Nessler-Winkler reagent, were employed 
for the estimation of total nitrogen, urea nitrogen and ammonia 
nitrogen m the unne 

The cellular changes m the blood were carefully follon ed in each 
patient with daily determinations of the percentage of the reticulocytes 
and frequent estimations of the numbers of red and white blood cells 
and of the amount of hemoglobm (Sahh method) in the blood 

In all laboratory procedures the usual precautions were observed to 
msure accuracy 

Before treatment, each patient was usually studied for a penod of 
one to five days to observe the character of the endogenous unc aad 
metabolism dunng relapse Then hver extract’ was given, usually 
in doses of six vials dady (equivalent to 600 grams of liver) This 
experimental procedure was occasionally modified to demonstrate 
speaal features of the unc aad metabolism, which arc discussed 
elsewhere The data thus accumulated are too numerous to present in 
detail Consequently, except when charts or tables are used to lUus 
trate certam importaht points, the results are generall) summarized 

THE URIC ACID METABOLISM DURINO RELAPSE 

With the method of estunation used (10) (11), the amount of unc 
aad found m 25 determmations on the blood serum of normal fasUng 
persons vaned from 3 3 to 4 7 mgm per 100 cc of scrum, the average 
value bang 3 9 mgm per 100 cc 

The amount of unc acid m the blood serum of eleven fasting patients 
with permcious aneima, is shown in table 1 These determinations 
were made dunng a relapse, before treatment ivas given and while the 
pabents uere usmg a punne-poor diet Unc aad was present m less 

Commercial li\ cr extracts nere used, Lfllx’s Liver Extract No 343 or Parte- 
Daws Liver Extract except m two patients who were given a liquid extract of 
cod livers, manufactured b> llTiite Laboratories, Inc , Gloucester, Mass A 
vial of liv er extract represents 100 grams of fresh Itv er 
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than the normal concentration in the blood serum of six patients under 
these circumstances, in normal concentration m three patients, and 
in a concentration greater than normal m only two patients In the 
patient who showed the greatest amount of unc aad in the blood 
serum, 12 5 mgm per 100 cc of serum, chronic nephritis was present 
which may explain the unc acid retention observed In the other 
patient with an increased serum uric acid value, 7 1 mgm per 100 cc 
of serum, hyperthyroidism was present, the basal metabolic rate being 
+47, and for a penod of three days the patient was ill with an upper 
respirator}^ infection, his buccal temperature rising as high as 103 2°F, 


TABLE I 

Blood serum uric acid values in permctous anemia before treatment 
Mt Uigrams of unc acid per 100 cc of blood serum 


ri2 5 
1 4 6-7 1 

[ 4 2-5 0 
] 4 3-5 1 
4 3-4 9 


High values (2 patients) 


Normal v alues (3 patients) 


Low values (6 paUents) 


2 4-2 8 
2 4-2 7 
2 5-2 7 
2 8 

1 9-2 8 
1 6-2 2 


Durmg the febrile penod the elevated serum unc acid figure of 7 1 
mgm per 100 cc was obtained Before this febnle disturbance serum 
unc acid values were within normal limits, being 4 6 mgm per 100 cc 
Also it IS interestmg to observe that, dunng the febnle penod, this 
patient excreted abnormally large amounts of unc acid in the unne, 
846 and 1488 mgm of unc acid in two of the 24 hour penods Dunng 
other days the unc acid excretion was less than 600 mgm per day 
Figure 3 show s the findmgs on this patient 
With this one exception the daily xmnary excretion of endogenous 
unc acid, in aU patients on a punne-poor diet studied before treatment 
was essentially normal, the daily excretion var}nng between 164 and 
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667 mgm of unc aad The amount of endogenous unc acid excreted 
normally each dav is considered generally to v arv beta een 200 and 600 
mgm In the normal person used as a control in this study, the daily 
excretion of endogenous unc aad, when liver extract was not gii en, 
was between 385 and 522 mgm 

From the analysis of these figures representing the endogenous uric 
aad excretion dunng relapse, no obvious abnormality of unc acid 
excretion appears to be present before treatment In the case men- 
tioned above, the mcreased excretion of unc acid was supposedl} a 
result of hyperthyroidism and fever 

The amounts of unc aad m the blood serum were usually normal or 
less than normal before treatment In only two cases were high values 
obtamed and, in one of these, the factors of hyperthyroidism and fever 
were present, which probably augmented the amount of unc aad in 
the serum, and m the other chronic nephntis was present 

These results cannot be compared directly to those of Rosenquist 
(1), Gibson and Howard (2), and GetUer and Lindeman (3) who found 
the unc aad metabohsm usually increased m pemiaous anemia, since 
these investigators did not limit their observations to the penod of 
complete relapse 

THE UlUC ACID METABOLISM DURING REMISSION 

A prompt and satisfactorj response to hver extract treatment was 
observed m everj patient This was manifesttd m each case by the 
typical nse and fall m the percentage of reticulocytes dunng the first 
two w eeks of treatment, by the steady increase in the numbers of red 
and white blood cells, and b) the rapid cbnical improvement which 
accompanies a remission in pemiaous anemia The remission was 
satisfactory in the two patients recemng cod liver extract, but was 
longer dela> ed than m the patients who w ere given thh more effectn e 
hver extracts 

Very defimte changes m the endogenous unc aad metabolism 
accompanied a remission m e\erj patient The response of the unc 
acid metabolism to liver extract treatment was characterized b} an 
mcreased excretion of unc acid m the unne and by an increase m the 
concentration of unc aad m the blood senun The response of the 
unc acid metabolism to treatment may be dmded conx eniently into 
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Fig 1 Lric Aero jMetabolism AOT Reticuiocyte Percentage DURING 

Early Remission 

Patient J K. Before treatment red blood cells 1,070,000 Hemoglobm 22 
per cent (Sahb) On the 18th day of treatment red blood cells 3,460,000 Hemo- 
globm 50 per cent (Sahli) 

Treatment 6 Yials liver extract dailj Lillj’s hver extract, No 343 0-4th 

dav Parkc-Davos h\ er extract 4-17th day Beginning of treatment is indicated 
b} the vertical Ime 

A = percentage of reticulocj tes 

B = concentration of uric acid m fasting blood serum in milligrams of uric acid 
per 100 cc 

C = urinarj unc acid excretion in rmlligrams of unc acid per 24 hours 
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two phases The first phase includes the first tw o weeks of treatment, 
dunng which the nse and fall in the percentage of reticulocytes occurs 
It is characterized by a nse and fall in the amounts of uric aad m the 
blood serum and m the dailj volumes of urme (see figs 1 and 2) The 



Fig 2 Uric Acid SIetadousii and Reticdlocyie Percentage durino 
Early Remission 

Patient G B Before treatment red blood cells 1,310,000 Hemoglobin 25 
per cent (Sahb) On the 13th day alter treatment, red blood cells 2,350,000 
Hemoglobm 51 per cent (Sahh) 

Treatment 6 vials of Lilly s hver extract No 343 dail> The beginmng of 
treatment is indicated by the vertical line 

A - percentage of retfculocj tes 

B “ concentration of uric acid m fostmg blood scrum m milligrams of uric aad 
per 100 cc. 

C — unnaiy uric aad excretion in rallhgraiiia of uric aad per 24 hours 

second phase follou s the rebculocyte response and occurs ((unng the 
penod of rapid blood regeneration During this phase the concentra- 
tion of unc aad in the blood serum and the daily excretion of unc 
aad nse again to an elevated let el which is mamtained, if ht er extract 
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Fig 1 I Ric Acm IMexabousu axd RETictTLOCYTE Percentage during 

Early Remission 

Pabent J K Before treatment red blood cells 1,070,000 Hemoglobm 22 
per cent (Sahb) On the 18th day of treatment red blood cells 3,460,000 Hemo- 
globin 50 per cent (Sahh) 

Treatment 6 laals lu er extract daily Lilly’s h\ er extract. No 343 0-4th 

dax Parke-Daxis hver extract 4-17th day Beginning of treatment is mdicated 
bx thexerbcallme 

A = percentage of reticuloc} tes 

B = concentrabon of unc acid in fasbng blood serum in milligrams of unc acid 
per 100 cc 

C = urmarj unc aad cxcrebon in nuUigrams of uric acid per 24 hours 
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two phases The first phase inches the first two weeks of treatment, 
during which the rise and faU in the percentage of reticulocytes occure 
It IS characterised by a nse and faU ,n the amounls of unc aad m Ae 
blood scrum and m the daily volumes of unne (see figs 1 and 



Ro 2 Uwc Ann Metabousu and REiicuLocm: Pcecextage during 
Eawa RnnssioN 

Patient G B Before treatment red blood cells 1,310,000 Hcmoglobia 25 
per cent (Sabll) On the 13lh day after treatment, red blood cells 2,350,000 
Hemoglobin 51 per cent (Sahll) 

Treatment 6 vials of LUly’s liver extract No 343 daily The begmning ot 
treatment Is indicated b> the verbcal line 

A •> percentage of reticnlocytea 

B « concentration of uric nod m fasting blood serum m milligrams of uric acid 
per 100 cc. 

C - urioan unc acid excretion in miflignijns of unc aad per 24 hours 

second phase follows the reticulocyte response and occurs d,unng the 
penod of rapid blood regeneration Dunng this phase the concentra- 
tion of unc aad in the blood serum and the daily excretion of unc 
acid nse again to an elevated level which is maintained, if hver extract 
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therapy continues, for at least 60 daj’-s Obsen^ations m ere not made 
over longer penods These changes are illustrated by figure 3 
The initial rise in the concentration of unc acid in the blood serum 
was apparent within 24 hours after liver extract was first given The 



Fig 3 The Effeci of Liver Extract Medication on the Uric Aao 

:Metabousm 

Patient G F Before treatment red blood cells 860,000 Hemoglobm 19 per 
cent (SabU) On the 26th day of treatment red blood cells 3,300,000 Hemo 
globin 61 per cent (Sahh) This patient in addition to pernicious anemia had 
hj^perthyroidism and, dunng the three daj's before treatment was begun, had 
fever from an influenzal upper respiratory mfection 

Treatment Lilly’s hver extract No 343, 6 vials daih from 0-1 7th da^ and 
from 24th-28th day 

A = percentage of reticulocides 

B = concentration of unc aad m the fasting blood serum in miUigrams of unc 
aad per 100 cc ^ 

C = unnarj' unc acid excretion m rmUigrams of unc acid per 24 hours 
X = beginmng of li\ er extract treatment 
V = li\ er extract treatment stopped 
Z = hver extract treatment resumed 

amounts of uric acid m the blood serum continued to increase for 
several days reaching maximal values after four to six days of treat- 
ment There v as then a decrease m the concentration of unc acid in 
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the serum so that, at the end of fourteen days, the unc aad m the 
serum had returned to approximately the onginal amounts 

A smular nse and fall m the amounts of unc aad excreted each day 
m the unne was found during this penod A significant mcrease in 
the unc aad excretion was observed within two days, usually dunng 
the first day, following the first administration of hver extract Maxi- 
mal values were obtamed between the fifth and seventh days By the 
fourteenth day, the daily excretion of unc aad in the unne had 
returned to approximately its onginal level 

Exceptions to these observations occurred in only three patients 
In them the same changes in the unc acid metabolism were observed 
but were delayed Two of these patients received the less effective 
cod hver extract and the reticulocyte respionse was also delayed 
In the third patient the initial red blood cell count was relatively high, 
bemg 2,490,000 before treatment 

The maximum increase in the serum unc aad values during the 
first two weeks of treatment vaned from 28 to 239 per cent The 
actual increase, at the maximum, vaned from 1 1 to 5 5 mgm of unc 
acid per 100 cc of serum The maximal percentage increase m unne 
unc acid values vaned from 74 to 531 pier cent The actual mcrease 
in unnarj excretion vaned from 386 to 1854 mgm of unc aad per day 
durmg the days of greatest unc acid excretion These figures clearly 
indicate the very marked increase in the unc aad metabolism which 
occurs dunng the first two weeks of treatment 

The fluctuations of the urmary unc aad exaction, of the concentra- 
tion of unc aad in the scrum and of the percentage of reticulocytes 
parallel one another closely dunng the first two weeks of remission 
Even minor secondare rises m the percentage of reticulocytes are 
usually accompanied by similar increases in the unc aad values for the 
unne and serum Close examination of the data indicates that 
changes in the amount of unc aad excreted in the unne are usually 
preceded by smular changes in the concentration of unc aad m the 
blood serum Likewise fluctuations in the percentage of reticulocy tes 
arc preceded by similar fluctuations in the unc aad values for unne 
and serum This sequence of events may be demonstrated in figure 1 
Here the first increase of unc aad m the serum occurs dunng the first 
day of treatment Increased excretion of unc aad in the unne appears 
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between the second and third day and the first rise in the percentage 
of reticulocytes occurs on the third day A maximum amount of 
unc acid was present in the serum on the fourth daj’’, the greatest 
amount of unc aad was excreted between the fifth and sixth day and 
the greatest percentage of reticulocyte appeared on the sixth daj 
The appearance of the highest percentage of reticulocytes on the day 
folloi\nng the greatest uric acid excretion is a very constant finding 

Obsen'^ations were termmated at the end of the first phase of the 
response of the unc acid metabolism in all but two patients, one 
patient being studied for a penod of 70 days after treatment was 
started, the other for 28 days , The findmgs on the latter patient are 
shoum (fig 3) smce the results m the both cases are similar This 
patient had a recurrent hyperthyroidism, following an operation for 
exophthalmic goitre two and a half years before, and, dunng the 
penod of observation prehmmar}’- to treatment sufi’ered from an 
intercurrent upper respiratory infection of the influenzal tj^e lasting 
three days, with fever reaching 103 2°F and a leucopenia This 
illness apparently caused a disturbance of the uric acid metabolism 
with an increase in the unc acid in the blood serum and in the urine 
However when this had subsided and hver extract treatment was 
instituted the unc acid metabohsm m this patient was similar to that 
in other patients in ever}'’ way This patient shows the increase of the 
unc aad metabolism dunng the second phase of remission and the 
effect of discontinuing liver extract treatment As the percentage of 
reticuloc 3 '’tes decreased the uric acid Xf^alues for both urine and serum 
fell to their onginal levels but rose later when the reticulocytes had 
decreasedAo a normal percentage On the seventeenth day of treat- 
ment when hver extract was discontmued, the concentration of unc 
acid in the blood serum and the daily rate of uric aad excretion 
decreased abruptly and remained at a low level imtil hver extract 
treatment vas resumed Then unc acid reappeared m increased 
amounts in both serum and unne Dunng the second phase of remis- 
sion, that following the reticulocyte response, although the reticu- 
loc} tes were not inaeased in percentage, the red blood cell count rose 
steadily, increasing from 2,260,000 on the sixteenth day to 3,300,000 
on the t’v\ ent} -sixth da}' 

The patient, whose findings are sho’v\Ti m table 2, shoved certain 
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TABLE 2 


Uric add values during hvcr cslrad Irealment^* according io direct and Indirect methods of 

esltnu^ion 
Patient E P 


Day o( 
tjeatzQtQt 

^en/m otic add 

IVfcefltaxe 

ol 

Rticulocytes 

I>sy of 
tmtincst 

Onne uitc 
add 

Method 1 

Method! 

itethodS 


100 

Mr 

u. 

MflB, 

100 

Mr 

cc. 

iwfiB Mr 

100 cc 




mjm Mrioy 

0 

12 

5 

12 

3 

11 

8 

4 

s 

0-1 

S62t 

1 

13 

8 

13 

8 

12 

7 

4 

1 

1-2 

629 

2 

16 

0 

16 

0 

13 

1 

3 

0 

2-3 

1,268 

3 

12 

7 

12 

7 

11 

4 

s 

2 

3-4 

1 404 

4 

12 

s 

12 

5 

11 

1 

16 

3 

4-5 

1,806 

5 

13 

1 

13 

1 

11 

C 

24 

7 

S-6 

1 709 

6 

13 

8 

13 

8 

n 

4 

27 

5 

6-7 

1 326 

7 

11 

4 

11 

4 

9 

8 

24 

9 

7-8 

1 052 

8 

10 

4 

10 

4 

8 

7 

16 

9 

8-9 

704 

9 

8 

1 



7 

1 

6 

6 

9-10 

768 

to 

9 

5 

9 

6 

7 

0 

8 

3 

10-n 

740 

11 

11 

2 

11 

2 

9 

0 

5 

9 

11-12 

1 534 

12 

10 

2 

10 

2 

8 

0 

4 

1 

12-13 

932 

13 

9 

2 

9 

0 

7 

0 

7 

4 

13-14 

603 

U 

9 

2 

9 

0 

7 

8 

6 

7 

14-15 

857 

IS 

9 

1 

9 

0 

7 

7 

5 

8 

15-16 

W9 

16 

7 

8 

7 

8 

7 

0 

4 

6 

16-17 

571 

17 

8 

7 

8 

7 

7 

6 

4 

2 

17-18 

539 

18 

8 

2 

8 

2 

7 

8 

3 

9 

18-19 

620 

19 

8 

6 

8 

6 

7 

5 

3 

4 

19-20 

650 

20 

9 

8 

9 

6 

8 

3 

5 

6 

20-21 

705 

21 

8 

4 

8 

0 

7 

6 

3 

8 

21-22 

797 

22 

6 

6 

6 

4 

6 

2 

3 

0 




* Treatment — 12 viab of Lilly*® liver extract No 343 per day for the first seven days 
of treatment The dose was then decreased to six vials dally 
Methods of serum unc and estimation 
No 1 Folin Benedict direct method (10) (11) 

No 2 FoUn indirect method (1 1) usmg silver lactate. 

No 3 Moms*MacLeod indirect method (17) using one sulphate 
In all methods the Fohn and Denis (10) (18) uric aad reagent was used to produce 
the color reaction 

t Estimated Unne apecimen incomplete. 


unusual features The serum unc aad value before h\cr extract was 
given was unusuallj high, 12 5 mgm pier 100 cc. Nevertheless there 
was as usual, an increase, 16 0 mgm of unc acid bemg present pxir 
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100 cc of blood serum after two days of treatment The decrease of 
unc acid in the blood after this maximal value was reached was greater 
m this case than m any other and, on the twenty-second day, there 
were only 6 6 mgm of unc acid per 100 cc of serum, which, although 
still more than found in normal serum was approxunately half the 


TABLE 3 


Protein consumption, urinary nitrogen total and uric acid excretion during carlv remission 


Daj of 
treatment 

Patient (C S ) 

Patient (G F ) 

Patient (J R ) 

Food ^ 
protein 

Total 

urine 

nitrogen 

Unne 
unc aad 

Food 

protem 

Total 

unne 

nitrogen 

Unne 
unc aad 

Food 

protein 

Total 

unne 

nitrogen 

Unne 
unc aad 


grams 

grams 

mgm 

grams 

grams 


grams 

grams 

mgm 


per day 

Per day 

Per day 

Per day 

Per day 


(^r Jay 

(average) 

per day 

0-1 

65 9 

9 10 

751 

29 9 

9 92 

655 

37 7 


565 

1-2 

54 6 

9 87 

715 

59 5 

8 78 

917 

27 0 


473 

2-3 

70 5 

10 42 

723 

50 6 

4 65 

823 

29 8 

6 29* 

771 

3-4 

66 6 

8 97 

758 

58 7 

5 00 

1,459 

14 9 


1,016* 

4-5 

55 9 

10 00* 1 


52 4 

9 32 

2,268 

19 4 


1,829 

5-6 

73 4 

10 43 1 

^^1 

59 4 

9 44 

2,407 

16 7 


1,993* 

6-7 

53 9 

9 17 

1,075 

63 1 

6 99 

963 

31 8 

4 33* 

725 

7-8 

64 3 

8 80 

1,058 

66 0 

7 48 

740 

49 6 

i 

396 

8-9 

51 2 

8 17 

827 

65 7 

6 71 

520 

35 3 


383 

9-10 

54 9 

9 28 

652 

i 69 8 

8 21 

684 

36 2 


427 

10-11 

63 2 

8 91 

1 657 

66 7 

7 24 

630 

48 4 

5 93 

535 

11-12 

60 1 

1 7 19 

537 

87 3 

8 40 

1,120 

40 2 


672 

12-13 

63 4 

7 63 

708 

80 0 

6 15 

643 

39 1 


537 

13-14 

65 5 

7 22 

949 

71 4 

5 91 

831 

49 3 


541 

14:-15 

67 2 

8 73 

781 

66 4 

8 33 

1,391 

54 5 

5 17 

489 

15-16 

65 3 

9 00 

825 

78 2 

7 74 

952 

35 0 


647 

16-17 




71 8 

7 60 

986 

SO 5 


667 


* Estimated Unne speamens incomplete 


amount present before treatment The reason for the original high 
value in this patient w^as attributed to nephntis 

The variations m the unc acid metabolism during remission were 
independent of the protein metabolism The amounts of protein 
ingested \aned usually betveen 40 and 70 grams a day, usually tend- 
ing to rise with the increase of appetite as remission advanced There 
vas a tendenev towards nitrogen retention during remission, in spite 
of the increased excretion of unc acid nitrogen Xo e\adent ab- 
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nonnaliUes of nitrogen metabolism other than that of unc acid 
nitrogen was observed The changes in unc aad metabohsm were 
independent of protem mtake, and unnary mtrogen excretion as is 
shown m table 3, where the daily protem mtake, the total unnary 
mtrogen excretion and the excretion of unc acid is hsted for three 
patients 

Unno unc acid detenmnations were made by an mdirect method 
(9) (10) using silver lactate for the isolation of unc aad A direct 
method for determination of the unc aad m serum was used, leaving 
these estimations open to the cnticism that other substances than 
unc add possibly were mcluded m the values obtamed To avoid 
this cntiosm, m two patients (fig 6 and table 2) the serum unc aad 
values were obtamed by the direct method usually employed and bv 
two mdirect methods, the Folin method (11) using silver lactate and 
the Moms and MacLoed (17) method usmg zinc sulphate to isolate 
the unc aad m the serum for estimation The results obtained 
indicate the fact that the fluctuations of the unc aad values depend 
upon changing amounts of unc aad in the blood serum and were not 
due to other substances The results from the Folm methods, direct 
and indirect, were m close agreement The zinc sulphate method 
gav e lower figures, as is usually the case, but showed the same fluctua 
tions found in the other two methods 

THE ENDOGENOUS CHARACTER OF THE INCREASED URIC ACID 
METADOLISM 

Liver extract, which is known to contain considerable amounts of 
punne matenals,' conceivably might serve as an exogenous source of 
unc aad Actually however, the punne matenals m hver extract do 
not appear to influence the unc aad metabohsm sigmficanth That 
this IS true is shown bj the following four expenments which demon- 
strate that the influence of the unc acid precursors in hver extract is 
of no particular significance m the maeased exaetion of unc acid 
which IS observ ed dunng a remission 

’ Figures on the punne nitrogen content of hver extract a\ ailable through the 
kindness of Dr Ohver Kamm and Dr E A Sharpe of Parke Davla and Companv , 
show that Parke Davis Liver Extract contains 5Jt per cent punne nitrogen and 
IJlly's Liv er Extract No 343 2 71 per cent punne nitrogen 
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In the first expenment the effect of liver extract on the uric acid 
metabolism of a normal person using a purme-poor diet was studied 
After four days of prelmnnar}’- observ’-ation, sl\ vials of liver extract 
w^ere gl^ en daily for ten days, observations being continued for three 
days after fiver extract w'as discontinued The results are showm in 
figure 4 No significant changes in the percentage of reticulocytes, 
m the unnar}’- uric aad excretion or in the concentration of uric acid 
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Fig 4 The Effect of Lurr Extract jMedication on the Uric Acid 
]Metabousm: in a Normal Person 
Normal person — M R 

Treatment 6 vials Lilly’s liver extract No 343 daifi' from O-lOth da\ \ erti- 
cal fines indicate beginning and end of In cr extract therap) 

A = percentage of reticuloc) tes 

B = unnar\ unc acid excretion in milligrams of unc acid per 24 hours 
C = concentration of uric aad in fastmg blood serum in milligrams of uric aad 
per 100 cc 

in the blood serum w'ere observ^ed During tlie penod of liver extract 
admimstration, the ax’’erage daih excretion of uric acid exceeded that 
of the control penods by 79 milligrams, an amount which probabh 
represents tlie increase due to the punne matenals in liver extract 
The results of a second expenment are shown in figure 5 Here 30 
xnals of liver extract were gixen to a patient with pernicious anemia 



UATTIHrW C EHJDLE 


83 


in B single day and no further medication was used dunng the experi- 
ment A satisfactory remission was produced and the changes m the 
unc acid metabolism were idenbcal to those obtained in patients rvho 
received six vials of h^ er extract dail) , as may be seen bv companng 



Fio 5 Errxci OF A Massive Dose OF Liver Extract oy THE Uric Aao 
Metaboueu 

PoUent S M Before treatment ted blood cells 1,120,000 Hcmoglobm 29 
per cent (Sahli) On 8th daj of treatment red blood cells 1,630,000 Hemo 
globm 27 per cent (Sahh) 

Treatment 30 vials Lilly’s liver extract No 343 given at 0 (vertical bne) No 
further medication 

A — percentage of reticulocytes 

B - concentration of uric acid in the fastmg blood scrum in milhgnima of unc 
acid per 100 cc, 

C “ urinarv unc acid excretion in imlligrams of unc aad per 24 hours 

figures 2 and 5 A great nse m unc aad excretion did not follow 
immediately after the liver extract was given, as would be expected 
had liver extract been an impiortant source of unc aad precursors 

Liver extract which had been subjected to a pressure of IS pounds 
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In the first experiment the effect of liver extract on the uric acid 
metabolism of a normal person using a punne-poor diet was studied 
After four days of prehmmary observ’^ation, six mals of liver extract 
V ere given daily for ten days, observations being continued for three 
days after hver extract was discontinued The results are shomi in 
figure 4 No significant changes in the percentage of reticulocytes, 
m the unnary’- unc aad excretion or in the concentration of uric acid 



Fig 4 The Eefect of Lhtr Extract ^Medication on the Uric Acid 
jMetaboush in a Normal Person 
Normal person — !M R 

Treatment 6 vials Lilly ’s liver extract No 343 daily from O-lOth dai Verti- 
cal fines indicate begmiung and end of fiver extract therapy 
A = percentage of reticulocytes 

B = unnari mic acid excretion in milligrams of uric aad per 24 hours 
C = concentration of uric aad in fastmg blood scrum m milligrams of uric aad 
per 100 cc 

in the blood serum were obserx-^ed During the period of hver extract 
adrmmstration, the ax^erage daily excretion of unc aad exceeded that 
of the control penods by' 79 milligrams, an amount which probably 
represents the increase due to the punne matenals in hx'er extract 
The results of a second expenment are shown in figure 5 Here 30 
xials of hx'er extract were gixen to a patient xxith pernicious anemia 
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m a smgle day and no further medicabon was used during the experi- 
ment A satisfactory remission was produced and the changes m the 
unc acid mctabohsm were identical to those obtamed in patients who 
received six vials of In er extract daily, as may be seen bj companng 



Fig S ErrECT or a JIassh'e Dose or Liver Extract on the Uric Acid 

ilETABOUSU 

Patient S JI Before treatmeat red blood ceils 1 120,000 Hemoglobm 29 
per cent (Sohb) On 8th daj of treatment red blood cells 1,630,000 Hemo- 
globin 27 per cent (Snhh) 

Treatment 30 vials Lilly’s Uver extract No 343 gi\ en at 0 (vertical line) No 
further medication 

A » percentage of reticulocytes 

B — concentration of unc aad In the fastmg blood scrum in mlibgrams of uric 
acid per 100 cc 

C — urmam unc acid excretion in milbgrams of unc aad per 24 hours 

figures 2 and 5 A great nse m unc aad excretion did not follow 
immediatelj after the liver extract was given, as would be expected 
had liver extract been an important source of unc aad precursors 

Liver extract which had been subjected to a pressure of 15 pounds 
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and a temperature of 120°F for two hours in an autoclave^ was given 
to a patient m dady doses of six vials m a third expenment The 
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Fig 6 Effect of Impotem (Heated) akd Potent Liver Extract ont the 

Uric Acid jMETABOtiSii 

Patient J G Before treatment red blood cells 1,250,000 Hemoglobin 32 
per cent (Sahb) On 17th day of treatment red blood cells 2,270,000 Hemo- 
globin 42 per cent (Sahli) 

Treatment 6 viab (24 grams) autoclaAed Lilly’s liver extract No 343, dailj 
0-6th dar Unheated Lilly’s hver extract 6 vials dadj 6-1 7 th da\ 

A = percentage of reticulocAdes 

B = concentration of unc acid in fasting blood serum in mdhgrams of uric acid 
per 100 cc 

Heax’x solid line — Fohn direct method 

Open circles — Folin indirect method (Sdxer lactate precipitation) 

Solid triangles — ^Morris and ^lacLeod method (zinc sulphate precipitation) 

C = unnarj excretion of uric acid in milligrams of unc aad per 24 hours 
X = heated lix er extract treatment begun 
1 = unheated Iner extract treatment begun 

results are seen in figure 6 The potency of the liver extract had 
apparently been unpaired as a result of heating for there vas no 

■* Mentioned through the kindness of Dr Arthur Curtis, uhose obserx ations on 
this method of rendenng hxer extract ineffectne are unpubhshed 
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Significant increase in the percentage of reticulocytes However a 
moderate increase m the concentration of unc aad m the blood serum 
and m the dail> unnary excretion of unc aad occurred After six 
days, potent, unheated liver extract was given in the same dosage of 
sa vials daily Then the usual nse in the percentage of reticulocytes 
and the usual rapid and great mcrease of unc acid m the serum and 
unne took place This experiment indicates that the characteristic 



Fig 7 The Uric Acm llErABotisu dumno Spontaneous Reuissios 
Patient DR. On the first day of observation, red blood cells 1,020,000 
Hemoglobin 30 per cent (Soldi) On 12th day, red blood cells 1 760,000 Hemo 
globm 37 per cent (SaHi) 

Treatment None. Spontaneous remission 
Lower curve - percentage of reticulocytes. 

Middle cun e - concentration of uric nod m fasting blood serum in mUhgrams 
of unc'add per 100 cc. 

Upper curve = unnan unc aad excretion in milbgrams of unc aad per 24 hours 

changes m the unc aad metabolism which are observed dunng renus 
Sion are assoaated with the rermssion itself rather than with the 
feedmg of exogenous sources of unc aad m the hver extract WTiether 
the heat to which the liver extract was subjected in this experiment 
alters the punne constituents of hver extract as well as the substance 
effectn e in pernicious anemia is not known While this is considered 
improbable the existence of such a possibilitj must be recogmzed 
Added e\ idence of the endogenous character of the increased unc 
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acid metabolism during remission uas fortunately obtained from a 
patient imdergomg spontaneous remission The increased urinar\ 
unc acid excretion and the elevated serum uric acid values, seen in 
patients m whom remission u as induced by liver extract, were obser\ ed 
in this patient whose findings are shown m figure 7 This patient 
received no liver therapy before or diuing the period of obscn’'ation 
These experiments furmsh evidence of the endogenous character 
of the increased uric acid metabolism which accompanies remission m 
pernicious anemia 


DISCUSSION 

An association between the increased actmty of the hematopoietic 
tissues during early remission and the increased endogenous uric acid 
metabohsm is suggested by the orderly manner m which the unc acid 
metabolism rises and falls with the rise and fall in the numbers of 
reticulocytes The sequence of the appearance of increased amounts 
of uric acid first in the blood and then m the unne and finally of 
increased numbers of reticulocytes in the blood lends color to the belief 
that the increased uric acid metabohsm is a physiological expression of 
the rapid maturation of red blood cells, which is an important feature 
of remission The great numbers of red cell nuclei, lost during the 
maturation process as red blood cells in the bone marrow assume 
their non-nucleated form may be an important source of the increased 
amounts of uric acid found in the blood and unne during early remis- 
sion Other factors, no doubt, also contnbute to the elevated metab- 
ohsm of purine substances A generahzed increase of nuclear metab- 
ohsm throughout the body during remission seems worth mentioning 
as another factor possibl)" of importance 

The increase of the concentration of unc acid in the blood scrum 
within 2-t hours after the onset of treatment, precedes the reticulocyte 
increase b} one or more da3's and furnishes the carhest laboratorj' 
e\ idence of oncoming remission 

From the experimental e^^dence, the increased unc acid metabolism 
appears to be assoaated w ith the act of a remission itself, rather than 
with increase protein consumption, with the manner in w hich remission 
IS produced or w ith the presence of matenals in In er extract w hich an. 
theoreticalh capable of producing unc acid 
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SUUilART 

1 Before treatment, m patients mtli pemiaous anemia in a 
complete relapse, usmg a punne poor diet, the concentration of unc 
acid m the fasting blood serum vanes considerablj but usually is 
normal or less than normal 

2 Normal amounts of unc acid are eliminated in the urme before 
treatment m uncomplicated cases 

3 The unc aad metabolism behaves m a very characteristic maimer 
dunng early rerpission whether remission is spontaneous or is induced 
by liver extract There is a prompt increase of the amounts of unc 
aad excreted, which is, as a rule, apparent withm the first 24 hours of 
treatment 

4 Dunng the first two weeks of treatment, tbc fluctuations of the 
unc aad metabolism follow those of the numbers of reticulocytes in 
the blood 

5 In the succeeding penod, the unc aad metabolism rises to an 
elevated level which is maintained, within the penods of observation, 
as long as treatment continues 

6 The mcreased uric aad metabolism dunng earl) remission is 
endogenous in ongm and is not accompanied b> any outstanding 
abnormahties m the general nitrogen metabolism 

7 The destruction of large numbers of red blood cell nuclei which 
accompames the rapid maturation of red blood cells and an increase 
m general nuclear metabohsm throughout the bod> are ad^ anced as 
factors which may contnbutc to the increased unc acid metabolism 
in perniaous anemia during early remission 
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EXPERIMENTS ON THE PATENCY OF THE BLOOD 
AnESSELS OF NEPHRITIC KIDNETS OBTAINED 
AT AUTOPSY 

By J M HAYMAN, JR 

(From Ifio Laboralory oj Pharmacoioiy of the UmvcraHy of Pennsylvania, Phtladdpha) 
(Received for pubbc&tioo May 16^ 1929) 

One of the first questions which arise in the study of the ph> siology 
of the diseased kidney concerns the capaaty of its vessels to permit a 
normal blood flow If this capaaty is normal, alterations in renal 
function must be attnbuted either to extrarenal factors, to functional 
rather than structural changes m renal vessels, or to changes in the 
renal parenchyma. If conditions in the kidney preclude a normal 
blood flow, completely normal function is impossible and the basis for 
interpreting certain types of unnary abnormahty has been disclosed 
The experiments described here were undertaken m the hope of dis 
tmguishing those types of kidney disease in which a mechanical, 
anatomic obstruction to blood flow exists from those m which the 
structural condition of the t essels may be beheved to permit a normal 
blood flow 

Study of changes in the renal vessels in disease by other than 
histological methods is by no means new Evidence of the capaatv 
of the diseased kidney to transmit blood has been sought in measure 
ments of blood flow after experimental renal injury , in roentgenograms 
of injected kidneys, and in perfusion of isolated organs The design 
of the present experiments mvolved a combination of the last two 
methods, namely, measurement of the outflow from the renal vein 
dunng perfusion under constant conditions, and correlation of this 
flow with roentgenograms of the vessels after mjection, and with 
histological sections 

Direct measurements of renal blood flow in expenmental disease 
have been confined to acute injury Tnbe, Hopkins and Barcroft (1) 
found the renal blood flow measured by Barcroft and Brodie’s method, 
at least as great in a rabbit acutely poisoned by uranium acetate 

89 
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as m a normal animal In one poisoned by diphtheria toxin, Tribe, 
Har\e\ and Barcroft (2) found a decrease in flow, but believed it 
completely accounted for by the fall in blood pressure Dunn, Dible, 
Jones and hlcSn me}'- (3) detected little change in renal blood flow in 
acute oxalate nephrosis Schlayer (4) and his pupils shov ed that the 
renal vessels of the rabbit gave normal responses to vasoconstnctor 
and xasodilator substances after injection of chromium salts or 
corrosive subhmate, while after arsenic or cantharidin the vascular 
responses were minimal Pearce, Hill and Eisenbrey (5) obtained 
similar results m dogs The type of renal lesion produced in these 
experiments is, however, only rarely met in man On the other hand, 
this tjTie of experiment has the capaaty of showmg alterations in 
blood flow resulting from functional as well as structural changes in 
kidnej vessels, w'hich the other types, apphcable to human material, 
have not 

Roentgenograms of injected kidneys have been used almost as long 
as the roentgen ray itself Hauch (6) and Gross (7) show^ed differ- 
ences m the vascular architecture of normal and arteriosclerotic 
kidneys by radiopaque injections which went as far as the interlobular 
artenes Graham (8), usmg a suspension of bismuth, succeeded m 
making complete mjections as far as the glomeruh, clusters of w'hich 
gave an appearance stereoscopically of cone shaped columns around 
an interlobular artery Acute nephntis, nephrosis, and passive con- 
gestion did not produce any detectable alteration from the normal 
picture Severe artenosclerosis jnelded pictures showing uneven 
calibre of vessels, wnde, club-hke interlobar branches, and interlobular 
artenes which w ere few er, shorter and more tortuous The cortex w'as 
distinctl}* narrowed In nulder degrees of nephrosclerosis the first 
changes detectable m the roentgenograms were m the interlobular 
artenes, w hich appeared coarser and more tortuous Graham believed 
he could detect differences m the artenal tree of nephrosclerosis and 
chronic glomerulonephntis In the latter the cortex was wider, the 
sclerotic changes milder, the glomeruli few' and greatly enlarged 

Baehr and Ritter (9), on the other hand, were unable to detect any 
difference m the \ascular tree of pnmar>' and secondarj' contracted 
kidnejs The reproductions accompan\'ing their paper, however, 
do not permit studv of the smaller \ essels They believe that extreme 
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vascular changes develop m patients with chronic diffuse nephritis 
who survive the glomerulonephritis lor a suffiaent tune, which are 
pathologically identical with those of primary arterial disease 

It has been assumed that m those types of disease giving a normal 
injection there was no mechanical obstruction to flow m the kidney 
Itself, while m the contracted kidnej such an obstruction was present 
It seems, however, that an artery imght offer abnormal resistance to 
the flow of fluid through it, and still appear normal when mjected 
at high pressure 

Perfusion of nephritic kidneys has been practiced smce the middle 
of the last century Dickinson (10) m 1860 perfused human kidneys 
with warm water at a constant pressure of 8 feet 4 inches of water 
The average flow in 13 normal kidneys was 119 ounces (352 cc.) per 
minute, while in 6 contracted granular kidnevs the average flow was 
only 2^ ounces (74 cc.) per nunute The perfusabflity of “large 
smooth kidneys” was within normal bmits The decreased flow he 
attnbuted to changes m the minute anatomy, smce measurements of 
normal and nephritic renal artenes and vems failed to show any 
differences 

Thoma (11) earned out similar eipenments with solutions of 
gelatm and of sodium chlonde which, together with measurements of 
the area of renal, mterlobular and afferent glomerular artenes, led 
him to the conclusion that changes in or beyond the glomeruh were 
responsible for the mcreased resistance of the contracted kidney to 
perfusion 

Ghoreyeb (12) perfused rabbit kidneys frorrt normal and nephro- 
pathic animals with Adler’s fluid and with serum He found a 
decrease m number of drops per minute from the renal vem of animals 
which had received uramum nitrate, potassium chromate, potassium 
arsenate, cantharidm, or diphthena toxin The decrease was pro- 
portional to the glomerular change and was maximal twenty-four 
hours after poisoning He reported that kidnej’s from animals with 
spontaneous nephropathies also gase an abnormally lov flow He 
does not give suffiaent data to calculate the volume of flmd perfused 

Rigo (13) and Doenecke and Rothschild (14) have reccntlj per- 
formed sirmlar expenments on human kidneys perfused at verj low 
pressures 
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All of these investigations have been concerned with the total 
\olume of fluid flowing through the kidney in unit time, and its 
decrease in the contracted kidnej’- In none have variations in 
kidney weights been considered, nor compansons made of the volume 
of perfusate per unit mass in normal and pathological kidnevs, nor 
of the effects of increase of perfusion pressure on the volume of per- 
fusate Compansons of the perfusabihty of a kidne> and the appear- 
ance of Its vessels after injection have not been made 

ilETHODS 

Ividnejs were removed at the autopsy table and perfused as soon 
as possible, a few two hours after death, the majonty between five 
and fifteen hours, and a few successful^ as late as twenty to twenty - 
four hours Little difference w^as detected m the perfusabihty of 
kidneys betw'een two and eighteen hours postmortem After t\vent}~ 
four hours perfusions were usually unsatisfactory, the kidneys wxre not 
uniformly blanched and became markedly edematous 

In removmg the kidneys, renal artery and vein w^ere lelt as long as 
possible and care taken not to rupture small vessels around the hilus 
Kidney and adherent fat were then weighed to the nearest gram At 
the end of the perfusion the fat was removed and kidney and fat 
weighed separately There was an error m obtaining the true kidney 
weight, due to edema developing dunng perfusion This varied 
considerably in different kidney’^s, it was always less, as expected, with 
acacia than with Ringer's solution When the amount of adherent 
fat was small, and did not obviously^ become edematous, its w^eight was 
subtracted from the original w'eight When the amount of adherent 
fat was larger, covenng an appreciable part of the kidney, it also 
became edematous, due to perfusate leaxnng the kidney by way of 
capsular vessels In such cases, after blotting the fat with a towel, 
fat and kidney'^ were weighed, the assumption made that the degree of 
edema was the same m both, and the assumed kidney weight was 
calculated by proporbon After weighing, the kidney was put in a 
dish of w ater or Ringer’s solution at 37°C and cannulae tied m artery^ 
and x ein 

The perfusion fluid, either aerated Ringer s solution or 6 per cent 
gum acacia in 0 9 per cent saline, was contained in a 4 liter bottle 
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placed m a water bath at 37°C The outflow tube connected with the 
artenal cannula was provided with T-tubes for thermometer and 
manometer and passed under an electromagnet Ley by which the flow 
could be automatically mterrupted once a second Pressure m the 
perfusion bottle was mamtamed by compressed air, and kept constant 
by a mercury valve which permitted rapid adjustment to the desired 
pressure The volume of flmd flowmg through the kidney was esti- 
mated by the outflow from the renal vem The kidney was supported 

TABLE I 


Variaiton tn venous outJUno with duratton oj perfuston 


Eiperimeflt ntmiber 

prtssure 

Venous outflow 

1 

mwu lit 


41 

100 

20S 


150 

332 


200 

476 

1 

Two liters Ringer’s perfuied 100 mm. Hg 


100 1 

1 196-230 


Two more litcn Riogei 

s perfu&etl 100 mm Hg 


100 

1 250 


ISO 

370 


200 

540 

31 

100 

60 


150 

116 


200 

184 


100 

76 


150 

, 120 


200 

1 160 


100 

1 60 


m a metal pan which was arranged to permit collection of all “leak ” 
This leak was made up of flmd escaping from small artenal twigs in 
the hilus which could not be tied, from the capsular vessels and from 
the ureter when this was not collected separately The volume of 
‘leak” varied considerably, m man> mstances only a few cc per 
minute, in others, as great as the flow from venous cannula The 
\olume of ‘fleakf’ depended chiefly on the number of Aessels per- 
foratmg the capsule There was no consistent difference in the 
degree of leak from normal and nephntic kidnej s All experiments 



96 


BLOOD VESSELS IN NEPHRITIC KIDNEYS 


Dogs’ kidneys perfused with Ringer’s solution by the same tech- 
nique gave flows which were of the same order of magnitude as the 
blood flow found in the living eviscerated animal by Barcroft and 
Brodie’s method, and show cd the same order of increase in flow with 
increase in perfusion pressure It seems probable that in human 
kidne> s the volume of perfusion fluid is of the same order of magnitude, 



Tig 1 Pfrfusion Plow THROUGH Human Kidne\s AT Differ! ST Pressures 
Abscissae, perfusion pressure in mm Hg, ordinates flow mcc per gram of kidnc\ 
per minute 1 , normal kidneys, 2 nephroses, 3 , benign artcnolarsclerosis, 4 , 

acute (- ") and chronic ( ) glomerular nephritis, J, a\erngc rates of 

perfusion flow, (a) normal, (6) nephroses, (c) acute glomerular ncphntis, (rf) 
artcnolarsclerosis, (c) chronic glomerular nephritis 


but probably less than the blood flow during life The volumes of 
acacia perfused were distinctly less tlian that of Ringer’s solution 

There was no detectable relation betw’ccn the volume of perfusate 
per gram of kidney and age, tlie vessels of an elderly person w'hich 
show only the normal amount of change for the age offer no mechani- 
cal resistance to the passage of cither Ringer's solution or 6 per cent 
gum acacia solution 

Roentgenograms of these kidneys conformed to prenous descrip- 
tions of the normal arterial tree The primary divisions of the renal 
artery appeared on the film either just within the kidney shadow or 





Fio 2 Roektgenograu of a Norual Ahteeial Tree (ExPEEmENi 29) 


Nephroses 

Kidnej’^ showing purely degenerative changes allowed as great 
perfusion flows as did normal kidneys This group includes a kidney 
of pregnancy and one of bichlonde poisonmg The latter is of 
particular interest The woman had been anunc for four days, had a 
blood urea mtrogen of 73 mgm per 100 cc , plasma COi content 10 
volumes per cent Dunng the 24 hours before death 60 cc. of urme 
had been obtained by catheter which contamed 120 mgm urea 
mtrogen per 100 cc , or less than twice the blood concentration 
Grossly the kidney was soft, pale, and the cut edge everted Sections 
showed morphologically normal glomeruh and extensive necrosis of 
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the con\olulccl tubules I here A\as apparentl) no mechanical inter- 
ference A\ith the free passage of (IukI through the renal vessels It is 
of course obvious th.it other factors, esjieci.all}' vascular spasm, may 
h.a\t led to a (hminishcd blood How during life Evperimental 
cvidciKc however has not established the presence of such a contrac- 
tion of renal vessels and diminished blood fiow jiroduced by poisons 
whose conspicuous action is on tubule cells Aloreoecr, the con- 
ception of a normal blood flow during an anuna from mcrcur> 
poisoning IS in accord with Kichanls (]9) experiments on frogs 
poisoned In mtrcur\ Ik found a normal glomerular circulation, 
and that the glonierul.ir filtrate was compkteh reabsorbed in its 
passage down the tubule What p.irl blocking of the proximal 
convoluted tubule with tellular detritus m.i\ pla\ in causing anuna m 
man is unknown Since the edema of the kidnex docs not interfere 
with iierfiisioii it throws doubt on the usefulness of dec.apsulation for 
mercurial nephrosis w ith the idea of rehex mg tension and so increasing 
blood floxx ' 1‘assixe congestion of the kidnex did not decrease the 
xolume of perfusate the elTeet of high xenous pressures w.as not 
studied Ludwig (20) and Sollmann (Is) haxing shown that this 
diminishes flow An assumed decrease in renal blood flow in jiatients 
xxith circul.itorx iniiiairment would seem more properh related to 
incrc.nsed jiressure in the great xeins or to diminished cardiac output 
rather than to changes jiroduccd in the kidnex itself bx engorgement 
No difference in roentgenograms of nephrotic and normal kidnexs 
could be detected 


d rtrnohir^clcro^is 

Kidneys from nine cases of benign arlenolarsclerosis haxc been 
perfused 1 xxo of these (nos 4x and 48) show ed onlx slight thickening 
of interlobular and afTcrent arteries in histological section, no 45 
appeared entirely normal grosslj , xxhilc no 48 slioxeecl a few depressed 
arteriosclerotic scars, but no general narrowing of the cortex Both 
kidneys xvcrc from patients who had had hx'jicrtcnsion and had died 
of cerebral hemorrhage Both these kidnex s alloxx ed a normal xmlume 
of perfusion floxv, and rlid not shoxv nnx definite abnormalitj in the 

' Fisclicr, however, bc!ic\cs dec.spsulntion cfTectne because of removing a 
capsular vasoconstrictor reflex Dcutsch Med Wchnscbr 1926, In, 992 
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roentgenograms (fig 3) Four kidneys (nos 1, 18, 25 and 28) 
presented some narrowing of the cortex and gramilanty of the surface 
grossly, and showed histological changes of moderate seventy Two 
of the patients had died from cardiac failure, one of lobar pneumonia, 
and one of a pulmonary embolus from a thrombosed pelvic vem 
Only in this patient was anj hypertension present dunng the period of 
observation No estimations of blood urea mtrogen were available 
AH four had had albummuria One kidney allowed a perfusion 
flow per gram wnthin the lower range of the normal group, the other 



Fig 3 Roentgesogbau of the Arterial Thee of a kiDNEi Showing Mild 
Arteriolarsclerosis Hisiologicallt and a Noriial Perfusion 
Flow (ExpERniEN-r 45) 

three were distmctly below it Roentgenograms showed irregulanties 
and tortuosity of the smaller artenes with a less dense mjection of the 
cortex The remaimng three kidneys m this group (nos 31,33and4<5) 
showed a very granular surface, marked narrowing of the cortex and 
advanced artenolarsderosis histologicallj One was from a diabetic, 
who had had a blood urea mtrogen of 36 mgm per 100 cc , no blood 
pressure estimation was recorded, one from a person dymg from cere- 
bral hemorrhage who had a blood urea nitrogen of 50 mgm per 100 cc , 
blood pressure 180/130, and one from a scmle dement who had 10 
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pressure That the volume of perfusate through a contracted kidney 
IS less than through a normal one under similar conditions ivas shown 
years ago The same relations hold when the flow is expressed per 
gram of kidney Unfortunately suitable methods are not available 
for estimatmg quantitatively the decrease m number of patent 
glomeruh, so that it is uncertain what parts decrease m number of 
perfused units and mcreased resistance m existmg vessels pla> in the 
diminished volume of pierfusate Since the relative mcrease m volume 
of perfusate with mcrease in pressure is of the same order in normal 
and artenolarsclerotic kidneys, it seems probable that decrease in the 
number of patent glomeruh is the more important factor 


TABLE 1 

Average volume of Ringer^s solution ^er gram of kidney per minute in normal and 
arlerwlcrsdcrotic kidneys 


PerfottoQ prcMurt 

hormil 

Uodente 

ATierioUnclcimU 

Adv’anctd 

art^oI»ncIcro*u 

Ut 

100 

1 7 

1 

1 0 

0 5 

150 

2 6 

1 8 

0 7 

200 

3 7 

21 

1 0 


Nephnhs 

One example of acute focal glomerulonephntis gave a normal 
volume of perfusate Two kidneys showmg mild acute diffuse 
nephritis gave perfusion flows below the normal range If this be 
accepted as evidence of obstruction to blood flow present dunng life, 
It lends support to the conception that the mechanism of the ohguna 
of acute glomerulonephritis and that of mercury poisoning or eclampsia 
may be essentially different 

Kidneys from five cases dying of chrome glomerulonephritis and 
uremia have heen perfused (nos 8, 9, 13, 26 and 34) All the patients 
had shown low fixed specific gravity of urme, elevation of blood pres 
sure and blood urea nitrogens from 70 to 210 mgm per 100 cc All 
showed a marked reducUon of perfusate at all pressures, both in total 
volume and m volume per gram of kidney Even at the highest 
pressure used (200 mm ) the flow per gram was less than from the 
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TABLE 3 


Perfusion flows lltroush normal and paihologtcal human kidneys obtained at autopsy 
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TABLE J— Cwrfirfn/ 


Experiment number 

g 

1 

1 

Ferfuikm flaw cc. per minutB 

HlUolofkal dkgooilt 

Einccr*t nlatioa 

Acada 

1 Total 

Per Him 

Total 1 

Per gram 1 
kldaef 

1 Pcrfoilcm prewure, mm. 

1 100 

1 ^ 

300 

100 

150 

200 

100 

150 

100 

100 

150 

200 


1 krs 
















19 

8 

23 

|198 

150 

|241 

i412 

0 8 

i‘ 2 

2 1 





1 


Acute glomcmloncphri 

20 

10 

60 

|160 

128 

|277 

384 

r 

1 7 

1 

2 4 







tl 5 

8 

12 

1 52 

215 

86 



0 4 




1 20 



0 1 * 


Chronic glomenilo 

9 

10 

36 

7i 

30 

41 

47 

0 4 

0 6 

^ 6 

9 

20 

20 

0 1 

0 3 ! 

0 3 

ncphntii 

13| 

24 

25 

801 

65 

137 

163 

rO 8 

1 7 

2 0 








26 

9 

24 

93 ' 

38 

74 

98 

0 4 

^ 8 

1 0 

9 

17 

23 

0 1 

0 2 

0 2 


34' 

8 

35' 

155' 

75 

100 

160' 

0 5 

|0 6 

1 0 

24 

44 

44 

0 2 

0 3 

0 3 


23 

5 

38 

218 

278 

484 

711 

1 3 

2 2 

3 3 

190 

248 

307 

0 9 

1 1 

1 4 

Acute focal glomenilo 

















nephntis 


normal group at 100 mm The average flow per nunute was 0 5 cc 
at 100 mm perfusion pressure, 0 9 cc at 150 mm , and 1 2 at 200 mm 
These averages are very close to those found m advanced artenolar- 
sclerosis 

Whether the ulUmate pathological process is the same m the two 
groups, as mamtamed by Baehr and Ritter (9), or whether there are 
subtle differences, these data do not mdicate There was no signi- 
ficant difference m kidney weights m the two groups The patients m 
the sclerotic group had shown only moderate evidence of renal in- 
suffiaency and did not die in uremia, while the patients m the nephritic 
group had all shown severe renal inouffiaencj'' and had died in uremia 
The roentgenograms of the nephndc kidneys resembled the artenolar- 
sclerotic m general appearance, but showed some points of difference 
The irregularity and tortuosity of the artenes was less marked, the 
cortex was not narrowed to the same degree, but the cortical mjection 
was even more scanty than m the artenolarsclerotic group (fig 5) 
If the actual number of patent glomeruli were knorra, the analysi' 
might be earned further 
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Hypertrophy of remaining glomeruli is more evident m nephritic 
than m arteriolarsclerotic kidneys A given volume of flmd may, m 
the nephritic kidney, traverse a greatly reduced number of glomeruh, 
many of which are enlarged, while m the artenolar sclerotic kidney the 
same \mlume passes through a greater number of glomeruh of more 
nearly normal size Ihe filtering surface in the latter would be 
greater, and the volume of filtrate per unit volume of blood greater 
at the same pressure Kidneys from patients dying in uremia and 
showing purely arteriolarsclerotic changes have not been obtained 



Fig 5 Roentgenogram of the Arterial Tree of a Chronic Glomerular 
Nephritic Kidney Wniai Ga\t: the Same VoLUiiES of Perfusate 
PER Grasi as the Kidney in Figure 4 (Enperdient 34) 

SUMMARY 

Forty-two normal and nephritic human kidneys have been perfused 
with Ringer’s solution or acacia at different pressures to distinguish 
m which structural interference to flow existed The results have 
been compared with roentgenograms of the vascular tree after injection 
of bismuth and with histological sections 
1 There was no decrease in volume of perfusate per gram of kidney 
with advancing years 
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2 Kidneys showing only degenerative changes showed no evidence 
of mechanical obstruction in the blood vessels They permitted as 
great a perfusion flow as did normal kidneys No abnormahty was 
detected m roentgenograms of the vascular tree after injection 

3 Kidneys presentmg bemgn artenolarsclerosis showed a definite 
decrease m volume of perfusate per gram at a given pressure, pro- 
portional to the degree of histological change When the degree of 
sclerosis was moderate, the volume of perfusate per gram at 150 
mm Hg perfusion pressure equalled the normal at 100 mm pressure 
In kidneys showmg advanced lesions the volume flow per gram at 200 
mm pressure was less than the normal at 100 mm Roentgenograms 
showed irregular, tortuous artenes, and a narrow cortex with fewer 
interlobular artenes 

4 Acute diffuse glomerulonephntis showed a diminished volume of 
perfusate at each pressure 

5 Chronic diffuse glomerulonephntis showed a marked reduction 
of pierfusion flow per gram of the same magmtude as advanced arteno- 
larsclerosis Roentgenograms resembled the picture of artenolar- 
sclerosis, but the cortex was less narrowed while the number of mjected 
interlobular artenes and glomeruh were less 

The histological diagnosis of many of these sections has been con 
firmed by Dr Baldwin Lucke, to whom I express my thanks 1 am 
also indebted to Dr Eugene Pendergrass and to Dr I S Ravdin for 
making the roentgenograms 
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GLUCOSE EXCRETION IN BRIGHT’S DISEASE^ 


Bt JAMES A HAWKINS, EATON M MacKA\ and DONALD D VAN SLYKE. 

(From ths SoipUal of the Rack^^er Inslttaie for Medical Feeearck, New York) 

(Received for publlcabon M»y 29, 1929) 

The occurrence of hyperglycemia and glycosuna in nephritis has 
been observed and studied by Neubauer m 1910 and a numbfer of subse- 
quent invesDgators A review of this subect has been included in the 
arbcle on carbohydrate metabolism in nephnps by Lmder, Hiller and 
Van Slyke (1925) They found that hyperglycemia and glycosuna 
were most frequent in cases with marked defiat of renal funcbon, that 
nephnUcs with fasting hyperglycemia when fed glucose showed 
abnormally high and prolonged blood sugar curves, similar to those in 
mild diabetes, that nevertheless the respiratory quotients after glucose 
feeding rose as m normal subjects, indicatmg a normal combustion 
of glucose The abnormality appeared to he in a retarded transfer of 
glucose from blood to tissues, rather than m a retarded combustion 
The renal threshold of sugar excretion appeared to be low m some 
cases, as evidenced by the appearance of a positive quahtative Bene- 
di ct test for reduang substances m the unne 

However, as shown by Eagle (1926-27) and by Van Slyke and Haw- 
kins (1929), normal unne may contain substances equivalent in 
reduang power to 0 1 per cent or more of glucose, but only about one- 
tenth of the reduction is actually due to sugar capable of fermentation, 
like glucose To obtain mterpretable data concemmg the permeabil- 
ity of nephntic kidneys to glucose it is therefore necessary to base con- 
clusions upon determmations of the fermentable sugar in the unne 
The present studies are based on such determinations 

‘ A prdiminary report of results was presented b> the authors at the 1928 
meeting of the American Soaety of Biological Chemists (Hawkins,hIacKay, and 
Van Slyke, 1928) 
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IDETHODS 

The blood sugar determinations were made by the microgasometnc 
ferricyanide method of Van Slyke and Hawkins (1928) on cutaneous 
blood obtained by a clean deep prick with a sharp needle The blood 
obtained in this way is practically arterial (Lundsgaard and Moller, 
1922) We did not determine the fermentable blood sugar, but used 
“total blood sugar” values, because the non-fermentable matenal 
determined in blood by the ferricyanide method has been shown to be a 
relatively small and constant value (Van Slyke and Hawkins, 1929) 

The reduang substances of the unne, fermentable and non-fermenta- 
ble, were determined quantitatively by the Van Slyke-Han kins gasome- 
tric methods (1928, 1929) In considering urinary evcretions our 
conclusions have been based entirely on fermentable sugar values, 
since the unidentified non-fermentable reducing material in urine is 
relatively so much that in normal subjects it constitutes nearly all of 
the total reducing material 

Glucose tngcslion tests The subjects of these studies were given no 
food or fluids for a 12-hour period preceding the determinations 
Each subject was given 200 cc of water at 7 00 a m Blood was taken 
at 7 00 and 8 00 a m , and urine collected for the period from 7 00 
to 8 00 a m Glucose was given in 200 cc of water at room tempera- 
ture at 8 00 a m All intervals indicated on the charts are measured 
from this point Blood spec mens were taken at 0 25, 0 5, 0 75, 1 0, 
1 25, 1 75, 2 15, 2 75, 3 15 and 3 75 hours The urine specimens were 
collected at 0 5, 1 0, 1 5, 2 0, 2 5,3 0, and 4 0 hours The subject 
remained in bed throughout the test and received no other fluid, food, 
or medication during this period The amount of glucose given was 
1 gram for each kilo of ideal weight estimated for the subject's height', 
age and sex, by figure 1 of McIntosh, Moller, and Van Slyke (1928) 
The glucose used was Merck’s “C P ” 

RESULTS 

Blood sugar curves, and curves indicating the amounts of fermentable 
and non-fermentable reduang substances in the urine were obtained on 
3 normal persons and on 19 patients with nephritis 
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The blood and unne curves of the normal subjects are given in 
figure 1 Figures 2 to II show the curves obtained m the different 
forms and stages of nephritis 



In table 1 is given a summary of the tests made on patients with 
Bnght’s disease The Addis classification (1925) for Bnght’s disease 
IS used, and the patients are grouped accordmg to the divisions and 
subdivisions of this classrfieation The age, sev, blood pressure and 



IIU GLUCOSE EXCRETION IN BRIGHT S DISEASE 

relative extent of edema at the time of the test are reported m Table 1 
m order to give some aid m judging the patient’s chmcal status The 
2 -hour phthalein excretion and the urea excretmg abihty m terms of 
the blood urea clearance (cc of blood cleared of urea by 1 rmnute’s 
excretion determmed as descnbed by MoUer, McIntosh, and Van 
Styke, 1928) are noted to indicate the state of renal function at the time 
of the tests The clearance values are given in per cent of average 



0 120 150 160 2 

ITinules after glucose ingestion 


Fig 2 Data on Sodjects with Initial Hemorrhagic Nephritis 

normal, viz , 54 cc of blood per rmnute for the standard clearance, 
estimated for urine output of 1 cc per minute, 75 cc per mmute for 
“maximum clearance” with urme volumes exceeding 2 cc per mmute 


DISCUSSION 


In normal subjects our data, taken with those of Eagle (1926-27) 
mdicate that excretion of fermentable sugar is usually less than 5 mgm 










GLUCOSE EXCRETION IN BRIGHT’s DISEASE 

per hour during fast, and is not increased above this level after con- 
sumption by mouth of 1 gram of glucose per kilo body weight It is 
knonn, of course, that there are otherwise normal subjects who have 


-60 -30 0 30 60 80 120 150 180 210 Z40 

Minutes o|ter glucose ingestion 

Tig 5 Data ov Subjects inTii Terminal Hemorrhagic Nephritis 

continual or intermittent gl3’’Cosuna, which appears attributable to a 
low renal threshold for glucose, since the glycosuria occurs in the 
presence of normal blood sugar values Such cases appear, however, 
to be relatively rare Our controls and those of Eagle may be taken 
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to represent the usual normal behavior, marked departure from which, 
if frequent m any given condition, may be considered as evidence of 
deviation from the probable normal behavior of the subjects exammed 
Abnormal glycosurias (compared with the above controls) were 
shown by all our cases with degenerative Bnght’s disease (nephrosis) 



and by all m the terminal stage of hemorrhagic nephntis In excretion 
of fermentable sugar after glucose feeding all these patients exceeded 
the nor m a l controls, and m excretion during fastmg all except one, a 
terminal hemorrhagic, exceeded the controls 
The most marked glycosurias occurred m the degenerative group 
3 out of 6 cases showed over 0 3 per cent of fermentable sugar in the 
urme dunng fast, and over 1 per cent after glucose feeding 
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In cases of initial and moderately advanced hemorrhagic nephritis, 
about half showed relative glycosuria, both fasting and after glucose 
ingestion 



Ninulca afUir' gluccao ingestion 


Fig 7 Data on Subjects with Degeneratr'e Hemorrhagic Nephritis 

Of the 3 arteriosclerotic cases one showed a definite glycosuria (50 
mgm per hour) after glucose feeding, none while fasting 

Comparison of blood sugar curves mth fermentable sugar excretion 
indicates that the glycosurias in all types of the disease appear attribut- 
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able to low excretion thresholds rather than to high blood sugar values 
In some cases, it is true, particularly m the terminal hemorrhagic 
group, the blood sugar peak after glucose mgesbon is so high (210-266 
mgm per cent) that glycosuria would be expected over a normal 
threshold However, nearly all such cases showed glycosuria also m 
the fasting state, with relatively low blood sugar values The work of 
Lmder, Hiller, and Van Slyke (1925) has shown that somewhat high 



and prolonged blo^ sugar curves after glucose feedmg are common m 
nephritis, and are unconnected with any retardation m the rate at 
which glucose can be burned, or with any other evidence of diabetes 
In the degenerative cases shoamg gross glycosuria, both fastmg 
and after glucose feeding, the blood sugar curves were within normal 
limits 

It appears probable that many cases heretofore reported as com- 
bined nephritis and diabetes have been nqihntis with renal glycosuria 
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It IS possible that the glycosunais due to failure of the renal tubules 
to reabsorb glucose from the glomerular filtrate Such an hypothesis 



Fig 9 Data on a Subject, R B , bttii Degenerative Hemorrhagic Nephri- 
tis WITH Nitrogen Retention 

appears somewhat plausible because of the especially marked glycosu- 
rias observed m certain of the degenerative cases, m Avhich the tubules 
are known to be especially involved 
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STUDIES OF THE CIRCULATION IN THREE CASES OF 
MORBUS CAERULEUS 


B\ LUCIEN D IUTREBAITOE, W R marshall axd J a JIRAKINS 

(From the Untvertily Clinic Deportment of Medicine McGitl Unteersity and 
Royal Victoria Bospiiat^ Montreal) 

(Received for pubbcatxon May 3, 1929) 

INTROBHCTION 

Studies on the anatomical peculiarities of congenital cardiac disease, 
with explanations of their embryonic development, have been com- 
paratively common Attention has been focused upon the numerous 
deviations from the normal which may occur as a developmental 
anomaly, but comparatively few studies have been made upon the 
functional disturbance of the circulation Further, httle or no attention 
has been paid to those means of physiological compensation and adap 
tation which would necessarily have to occur m order to mamtam life 
There has been the well known differentiation mto two broad classes, — 
the cyanotic and non cyanotic groups The arculatory problems 
underlymg the latter are but httle different from those which occur 
m acquired cardiac disease On the other hand, in Morbus Cacriilciis 
(the cyanotic type of a case) a number of questions of great physio- 
logical importance arise The present communication deals with three 
such cases all of which have been studied m more or less complete 
detail 


MATERIAL 

Case no 1 W R. Came under observation at the age of twelve j ears giving a 
history of having suffered from shortness of breath weakness, and blueness of 
the hands and face since infancj On attempung exerose he could walk onlj a 
few feet before the c\ anosis became intense, and persistence m the effort produced 
unconsciousness 

On phj’sical examination he was a poorl) developed thin male chUd, with pro- 
nounced cj anosis of the hands, ears, and mucous membranes. There was pro- 
nounced clubbmg of the fingers and toes. The diest was prominent and rachitic, 
the venules of the upper thorax were qmte distinct The cardiac apex beat was 
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palpnblc in the fifth left interspace just beyond the nipple line On percussion 
the cardiac dullness was 3 cm to the right and 10 to the left of the mid-stemal hne 
On auscultation the sounds uerc loud, the first sound at the apex was re-dupbeated 
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Fig 1 Regular Rhythm A-Y Conduction Normal Right-sided 
Preponderance of Congenital Type and High Voltage Intra- 

\ENTRICUTw\R AND InTRA- AURICUT^R CONDUCTION TiME NORMAL 

1 c m •= 1 ni V 

but there uere no murmurs audible Ihe pulse rate uas 118, and the sjstolic 
blood pressure uas 138 mm An electrocardiograph showed a right-sided pre- 
ponderance (fig 1) Examination of the blood showed the en’throcvtes to num- 
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ber 8,500,000 haemoglobin 175 per cent The mtio bctu*ecn the plasma and 
corpuscles ^*as found h\ the haematocnt to be corpuscles 68 5 per cent, plasma 
30 5 per cenL 

He died suddeiil> on November 11, 1922 The post mortem revealed the fol 
lowmg findmgs The whole bod\ and parbculorlv the hands and face uere 
deepl> evanosed On mcision the blood was dark and almost too \’isad to flow 
The lungs showed a small amount of oedema and eraphv'sema The Iner was 
enlarged, congested and fatU , nhfle the spleen measured 12i i 7^ x S cm , was 
firm and had the appearance of chrome congestion The mesenteric glands were 
enlarged The heart was enlarged in all directions, e^ieaally the right auncle 
and ventncle There wTis a fibrous cord representmg the ductus arteriosus 
The right auncle was distended and on opening It there was present a w ell marked 
Eustachian valve and a sUt like and dcfinitcK patent foramen o\ale The uall 
of the nght ventncle was extremelv h 3 'pcrtrophied, being tuice os thick as that 
of the left The intraventncular septum n as defiaent and a glass rod could readilv 
be passed from the n^t ventncle into the aorta while a glass rod of finer calibre 
could be passed mto the pulmonan orterj The mitral onfice i\as normal but 
the left ventncle was dflated and there was the aforementioned communication 
with the nght ventncle 

Summon Pulmonar) stenosis, deficient mtraventncular septum, h\'pertro- 
ph) of the nght \'eatncle patent foramen ovale, and passne congestion of the 
\nscera 

Cfljr no 2, M 3/ Aged 13 Weight 29 kilo* Height 137 era The patient 
complained that she had had breathlessness, weakness, and blueness of the skin 
since infanc) On examination she was found to be under-developed, ver> ci 
anosed with pronounced reticular mottling of the skm The fingers were long 
and tapenng but there was comparative!} little dubbmg of the lips 

The phj'sical examination w^as normal except for the curulator} s\’stem The 
apex beat was in the fifth space, 10 cm from the raid sternal hne It was not 
pronounced on Inspection but gave a thudding impression to the palpating finger 
There was a palpable systobc thrill in the fourth left space about 7J cm from the 
mid line. The cardiac dullness measured 3 cm to the nght and 1 1 to the left of 
the mid sternal Ime The heart sounds were well heard and were accompamed 
b\ a harsh Si'stoUc murmur heard over all areas but most pronounced m the third 
left mtercostal space about 4 cm from the mid line. The second sound of the 
mitral area was of a slappmg character and occasional extrasyatoles were detected 
The pulse was 115 per minute, easfli compressible, with occasional irregulanri of 
the rhvthm On immersing the hand and forearm m hot wrater the CvTinosis prac 
ticall} disappeared On sbght exertion it became intense and although the pa- 
tient could walk about at a slow pace she had a much greater limit of exertion than 
case 1 , but she could not walk upstairs- The electrocardiograph showed pro 
nounced nght sided preponderance (fig 2) The examination of the blood showed 
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7,250,000 red cells, and hacmoglobm 145 per cent The haemotocrit readings 
showed the corpuscles to occupy 55 per cent by volume and the plasma 45 per 
cent 
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Fig 2 Regular Riiytiiii A-Y Coeductiox Tuie Norilie Right-sided 
Preponderance of Congenital Type wtth High I^'oetage Iotra- 
\ entricuear and In tra- Auricular Conduction Time Normae 

"T” nave m Lead III is diphasic, and somewhat flattened in Leads I and II 

On the 20tli of iMarcli, 1928, she was in good plnsical condition, aged 19 years, 
apart from breatlilcssncss and ci anosis on exertion 

Case no 3,F A Came under observ’ation at the age of nmeteen with a history 
of cyanosis and dvspnoea on exertion since childhood and following shght exertion 
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he was usuallj troubled with a cough, although he was able to do some light work 
One of his chief complaiuts was frequent throbbmg headaches 

On physical examination there was generalized cimnosis particularly of the face 
and hands, and pronounced clubbmg of the finger tips. EiammaUon of the 



Fig 3 Compi-ete Heart Blocr. Rioirr Sided Przpondeearce of Co\ge.\i 
TAL Type akd High Voltage. Inversion of ‘ T ’ W a\t; rs Lead I 

t entncular rate — 45 Auricular rate — 90 3 m.v = 3 cun 

thorax showed good de\ dopment with bulging of the praecordium breathing was 
rapid, being 40 per nunute The lungs were normal The cardiac apex beat 
was in the fifth left mterspace 7J cm from the mid sternal line. The cardiac 
dullness was 8 cm to the left and 3 cm. to the nght of the mld^sternal line hfo 
thrills were palpable and no murmurs were audible on auscultation The pulse 
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was 40 per minute, and synchronous with respiration The systolic blood pressure 
was 126 mm and the diastolic 73 mm The arterial nails were not palpable 
The pulsation could be felt m the finger tips The electrocardiograph showed a 
right-sided preponderance (fig 3) and a complete heart block Examination 
of the blood showed en Ihrocj tes to be 8,000,000 and haemoglobm 161 per cent 
The haematoent readings were corpuscles 63 per cent and plasma 37 per cent 
An \-ray of the chest revealed the heart to be rounder than usual and the aorta 
to be small 


TAllLC I 

Diila on cases }, 2 and 3 



Case 1 

Case 2 

Case 3 

Artcnnl blood 0 saturation, per cent 

63 4* 

70* 

81 

Artcnal blood CO. content, volumes per cent 

28* 

33 6* 

34 3 

t'enous blood 0- saturation, per cenl 

16 3 

21 

25 2 

0 Capacitj of blood, volumes per eent 

32 29 

27 24 

29 8 

Haemoglobin, per rcnl 

Ahcolarair 

174 

147 

161 

CO , mm 

23 

25 3 

27 

0 , mm 

114 

lie 

117 5 

Expired air, Iticrs per minute 

5 03 

5 26 

12 82 

CO", per cent 

2 12 

2 07 

2 05 

0", per cent 

18 53 

17 72 

18 7 

CO 2 given up per minute, cc 

96 1 

139 

234 6 

0. taken up per minute, cc 

' 114 5 

178 

312 8 

Respiratory quotient 

0 84 

0 78 

0 75 

Venous CO fully oxjgcnatcd, mm 

Pulmonary blood flow determined by the cthj 1 iodide 
method, liters per minute 

Pulmonary blood flow determined by the CO method, 

33 

33 4 

3 51 

liters per minute 

1 75 

2 78 

40 

Pulse rate 

108 

100 1 


* The exact accuricj of these findings is open to doubt on account of the great di£R 


culty in obtaining even small amounts of artcnal blood 


RESPIRATORY FUNCTION 

The respiratory rate and rhythm in cases 1 and 2 were within normal 
bmits In case 3, however, over a long period of observation it has 
been found that the respiratory rate synchronizes with that of the heart 
rate An adequate explanation of this phenomenon has not been 
discoverable This rapid respiratory rate is reflected m the large 
minute volume of expired air in this case It amounted to 12 82 
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liters per minute The details of the respiratory and blood gas data 
are set forth in table 1 

CARBON DIOXIDE DISSOCIATION CORVES 

The carbon dioxide dissoaation curves m all cases showed a pro- 
nounced lowenng as seen in figures 4, 5, and 6 On plotting the partial 



Fig 4 Carbon Dioxide Dissocution Curves or Case 1 

— normal fullv osj'genated COj curve, R — fully reduced COj curve, 0 — fuUi 
oxygenated COj curve \ — COi curve at an oijgen saturation as found in the 
arterial blood 


pressure of COj of the alveolar au on the curt e of the fully oxygenated 
blood (as it might be presumed to be as it left the lungs) it is found that 
the CO* content of such blood was 25 5 cc volumes per cent m case 1, 
30 5 cc volumes per cent m case 2, and 33 5 cc volumes per cent in 
case 3 But the COj content of the radial blood was definitely greater 
m each case as follows 
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Cnv: 

1 

COi content, cc \olumcs per cent 
iti pulmonary blo^ j 

COj content, cc Nolumes per cent 
in radial blood 

1 

25 5 

28 0 

2 

30 5 

j 33 6 

3 

33 5 

! 34 3 


The elevation of the dissociation curve however produces a lowering 
of partial pressure of the CO 2 m artenal blood although the content is 
increased 


Cn«c 1 

Partial pressure of COj in the 
pulmonar> blootl 

Partial pres'^ure of COi m the 
radial blood 


mm Us 

mm Us 

1 

23 

21 

2 

25 3 

23 5 

3 

27 

26 


If a similar comparison be made of the pH of the pulmonarj and radial 
It will be found that there is a distinct shift towards alkalinit}’’ in the 
latter 


COs 

pll of the pulmomio hlowl 

pll of the radial blood 

1 

I 

7 30 

7 37 

2 

7 36 

7 40 

3 

1 7 35 

7 37 


The sum total of these findings would indicate tliat there had been 
an efficient attempt to compensate for the disturbed aeration of the 
arterial blood 


THE OXV-HAEMOGLOBIN DISSOCIATION CURVES 

The oxy-haemoglobin dissociation curves (figs 7, 8 and 9) show m all 
cases a distinct shift to the left, as would be expected if an alkalosis 
were present These curves are similar to those found by the Royal 
Society Expedition to the Andes (1) and conform to the oxy-haemo- 
globm curves which Barcroft (2) found to occur when the haemo- 
globin was concentrated in human blood It may also be noted that 
the CO 2 curves are of a sim lar character to those found by this Expe- 
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dition When the findings of the blood gases in the artenal blood of 
those suffering from mountain sickness and these cases of congemtal 
heart disease are compared, the sunilanty is most striking In the 
cases here reported the oxygen saturation of the arterial blood was 63 4 



Fig 5 Carbon Dioxide Dissociation Curveb of Case 2 
normal oxygenated COi curve, fully reduced COj curve, 0— full\ 
oxygenated COj curve, A — COj curve at on oiy'gen saturation as found in the 
arterial blood. 


per cent m case 1, 70 per cent m case 2, and 81 per cent m case 3, while 
the CO, content was respectively 28 cc., 33 6 cc. and 34 3 cc,, volumes 
per cent In these cases the degree of oxygen de-saturation of the arte- 
nal blood was greater than that found m any people hvmg at high alti- 
tudes 
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Fig 9 Ow-Haemoglobin Dissociation Curve of Case 3 
Solid line that of patient, dotted line that of normal 


table 2 

Venous shunt in case 3 using the method of Tl'ciw and Lenebeer 


Oj capacity of blood from radial artcrj = 29 8 cc. \olumc5 per cent. 

Oj content of pulmonary blood leaving lungs => 29 8 X 95 5 >= 28 45 cc. volumes per cent 

Oj consumption per minute (B M R ) = 234 6 cc 

Lung flow determinedly ethyl lodid method >= 3 51 hters pier minute 

Oi intake by lungs = yyj = 66 8 cc per liter of blood 


Oi content of blood in radial artery = 24 3 cc volumes per cent 

Oj content of mued venous blood = 28 45 — 6 68 = 21 77 cc volumes per cent. 

Let X = the venous shunt in liters 

Total blood flow = 3 51 + A liters 

(A) Total Oi m mixed arterial blood >= (3 51 + A) 24 3 X 10 

(B) Total Qj in circulation = (3 51 X 28 45 + 21 77A) 10 

A = B 

(3 51 + A) 24 3 X 10 ■=> (3 51 X 28 45 + 21 77A') 10 
25 3X = 147 

X = 5 82 liters per minute 
5 82 + 3 51 ° 9 33 liters total flow per mmute 
(5 82 — 9 33) 100 «= 62 4 per cent venous shunt 




TABLE 3 

Vefioits shunt ht case 3 calcuhted by ustns Lundsgaard** fiture for oxyien consumption tn the 
tissues (5 volumes per cenf) 


Oj capaaty In radial artery 29 8 cc. volume* percent 

Oi content m pulmonary vein blood — 29 8 X 95 5 per cent — 28 45 cc, volumes per cent 
Oj content In radial artery — 24 3 cc volumes per cent 

Oj In venous blood *> 24 3 — 5 "19 3c(x volumes per cent 

I^t \ the venous shunt in percentage of the total blood flow, 

100 — T " the percentage amount of blood entenng the arterial system from the pul 
monary veins 


Oi m radial artery blood 
(volumes per cent) 


Venous Oj \ , Qa m pulmonary veins 
100 ^ 100 


(100 - Y) 


19 . 28 45(100 - X) 

W + — i55 

2430 - 19 3X + 2845 - 28 45V 
\ ■» 45 4 per cent venous shunt 


TABLE 4 

Venoiu shunt tn case 3 calculated b^, using the oxygen content of blood of the arm vein as 
representing that tn the rtght auneje 


Oi capacity In radial artery 
Os content in pulmonary vein 
Oi content In radial artery 
Os content m arm vein 
Let X *• the venovis shunt In 

Oi in radial artery •* 
(cc. volumes per cent) 


— 29 8 cc, volumes per cent 

blood - 29 8 X 95 5 per cent -« 28 45 cc, volumes per cent 
" 2AJ cc, volumes per cent 
* 7 5 cc. volumes per cent 
percentage of the whole blood flow, 

Venous Oi X A , Qi In pulmonary veins ^ 


100 


100 


7 SX 29 45 (100 - Y) 

^ “ 100 100 
2'130 - r 5\ + 2845 - 28 45A 
20 9A - 415 

\ o 19 85 per «nt venous shunt 


TABLE 5 


Comparison of three methods of catculaUng venous shunt 


Cu0 

1 

i 

VcDons shtint olcaUted 
bj the Weiu I<rwb«r 
netbod 

1 Venous ihuot cslcuUted 
by substrseting j cc. 
vnlomcs per cent of eanrra 
from Ibe rsdlsl blood Oi 
content (or tbe venous 
blood 

Venom shunt cstcuUted 
by using tbe Oi content 
of the urn ^‘e{n blood si 
repeueuthtf tbe gepersl 
venous Ueod 


ftT <cnt ijhiKl 

Per (tnl tkintS 

Per ceiU tkmm 

1 

\egati\T 

68 8 

40 5 

2 ' 

Negative 

58 

34 

3 ' 

62 4 

45 4 

19 8 
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SECONDARY ALTEBATIONS IN TOTAL SERUM CALCIUM 
AFTER THE ADMINISTRATION OF GLUCOSE AND 
' INSULIN 

By READ ELLSWORTH 

(Front Iks lledicnX Cttnic of tbs Johns Hopkins Hospital Baltimors) 

(Received for publication July 1, 1929) * 

In studying the metabolism of a case of idiopathic hypopara- 
thyroidism, m which the mechanism of the action of parathormone^ 
wfla under nh<;ervntinn Alhnoht nnd Fllawnrtli (1) fnnnd thnf the 


ERRATA 

VoL. Vm, No 1, Deceitber, 1929, pp 114-12Q 
Arltde by Hawkins, UacKay, and Van Slyke, “Glucose Excretion in 
Bnebl's Disease" 

Figures 7, S, 9, JO and 11 The word ‘‘hemorrhagic” should be deleted from 
the legends of these figures 
Figure 10 “degenertive” should be "degenerative ” 


lar as to suggest mat me primary enect mignt be on me pnospnorus 
metabohsm 

We have v'atched for some time to see if followmg the administration 
of parathormone there was, m the blood determinations, any lag of 
either Ca or P behind the other, but both m the case of hypopara- 
thyroidism (1) and in normal mdividuals (unpublished) the first 
sample of blood to show a change m P concentration also showed a 
change in total Ca Even at hourly mtervals the changes appeared to 
be synchronous 

1 Preparation introduced by ColUp and prepared by Eli Lilly and Company 
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It therefore seemed wise to study the behavior of the total blood 
Ca when the phosphorus was suddenly lowered by some other well- 
known mechanism 

Some years ago Harrop and Benedict (4) demonstrated that the 
administration of glucose or glucose and insuhn brought about a fall 

TABLE 1 

Blood sugar and chloride and serum calcium and -inorganic phosphorus in patients 1 to 6 


(Milligrams per 100 cc ) 


Patient 

ConjUluent 

Fasti ns 

1 hour 

2 hours 

4 hours 


Sugar 

91 

114 

97 

100 

1 

P 

4 9 

3 9 

4 2 

5 4 


Ca 

10 7 

11 3 

11 8 

10 6 

( 

Sugar 

80 

113 

111 

90 

2 

P 

3 9 

3 0 

3 2 

4 5 

1 

Ca 

11 2 

10 85 

12 3 

10 9 


Sugar 

82 

140 

80 

80 


P 

4 5 

3 7 

3 2 

4 2 

3 ^ 

Ca 

9 0 

9 6 

9 8 

9 8 


Cl 

482 

497 

474 

489 

f 

Sugar 

91 

178 

86 

98 


P 

4 3 

3 8 

3 8 

4 4 

4 < 

Ca 

8 9 

8 75 

9 25 

9 05 

1 

Cl 

472 

446 

478 

456 

f 

Sugar 

86 

51 

70 

62 

s j 

P 

5 0 

4 9 

4 0 

5 2 

1 

Ca 

9 S 

10 25 

10 2 

10 6 


Sugar 

100 

125 

60 

40 


P 

4 2 
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2 4 

3 8 
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Ca 

9 85 

10 1 

10 45 

9 8 


Cl 

467 
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503 

433 


of blood phosphorus Since that time it has been shown that the 
decrease in blood phosphorus is due m all probabihty to the forma- 
tion of hexose-phosphate It was decided therefore to use glucose 
and insuhn as the means of producing a sudden lowering of blood 
phosphorus 
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Accordingly six individuals were chosen who were, as far as could be 
determmed, free from any disorder of calaum, phosphorus or glucose 
metabolism Each patient after 14 hours fastmg was given bv mouth 
50 grams of glucose in coffee and 50 imits of insuhn Blood was taken 
just before the admmistration of msulm and at one, two and four 
hours thereafter The blood specimens were allowed to stand 20 to 
30 mmutes to ensure thorough clottmg, then centnfuged and the 
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Cham 1 Couposite Serum Inoroanic Pnospnoans Curves 
Numbers over the curves indicate case numbers. Milligrams per 100 cc. 


serum pipetted off The determinations were started at once The 
sugar estimations were made on whole blood, the phosphorus and 
total calaum on serum, the phosphorus was estimated by the method 
of Benedict and Theis (5) the calaum by the Tiske method desenbed 
bj Blackfan and Hamilton (6) 

The alterapons m the calaum and phosphorus are shown in table 1 
and charts 1 to 3 




1‘iZ SERUM CALCIUM AFTER GLUCOSE AND INSULIN 

OBSERVATIONS 

It Will be seen, that m aU cases the phosphorus was lowered at the 
end of one hour, remained low at the end of two hours, but usually 
had returned at the end of four hours toward the fasting level The 
calaum was m four instances raised at the end of one hour and m 
all SIX raised at the end of two hours At the end of four hours the 
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Chart 2 Composite Serum Calctum Curves 
Numbers over the curves indicate case numbers Milligrams per 100 cc 

calcium in four of the six cases had fallen toward the control fastmg 
level, m one instance, it was constant, in one it had risen stdl further 
Two otlier patients, one (lA), a mdd diabetic m the metabohsm 
ward, the other (2A), suffering from general paresis, were studied m a 
shghtly different manner They received 25 units of msuhn before 
their usual breakfast, which included m both cases frmt, toast and 
eggs and m addition 25 grams of glucose The determmations were 
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SERUJt CALCrtTK ATTER GLXTCOSE AND INSULIN 

earned out in the same manner as in the other six patients except that 
the blood specimens were obtained fasting and at one, two, three and 
five hours after breakfast The results are shown in table 2 and chart 
4 In both of these cases there was a fall of phosphorus and a nse of 
calcium In case 2A the nse of calciiun was out of proportion to the 
fall of phosphorus This may have been due m part to absorption of 
calcium received in the food To remove this possibihty the other six 
mdmduals received only glucose 
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Chart 4 FivE-nouR Serum Caeciom and Inorganic Phosphorus Curves 

Milligrams per 100 cc 


DISCUSSION 


Observations upon eight mdividuals indicate that, when the blood 
phosphorus is lowered by the admimstration of glucose and msulin the 
total blood calcium rises The increase m serum calaum under these 
arcumstances has not, so far as I am aware, been observed previously 
It does not seem probable that the increase in total blood calaum 
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could be due to an anhydremia and decrease m blood t olume, such 
as has been descnbed by DrabLm and Edwards (7) and Drabkin and 
Shelkret (8) after the injection of insulin m animals, for the anhy- 
draemia observed by them occurred only m assoaation with hypo- 
glycaenua, whereas it will be seen (tables 1 and 2) that, masmuch as the 
patients m the present senes received glucose as well as insulm, the 
nsmg calaum concentrations occurred m most instances durmg 
penods when the blood sugar was also mcreasmg The values of the 
blood chlorides (table 1) and of the refractive mdices m case lA 
(table 2) add stiU further evidence to show that there was not suffiaent 
change m blood volume to account for the nse m the blood calaum 

It has previously been pomted out m some observations made upon 
the relative concentrations of blood calaum and blood phosphorus 
that the demonstrable nse in total blood calaum occurs almost 
synchronously with the demonstrable fall m blood phosphorus, and 
the present experiments show again the difficulties that are encoun- 
tered when one attempts to determme by blood analyses which of these 
elements is the first to change It is fairly well estabbshed, however, 
that one effect of the mjection of glucose and msuhn is the formation 
of hesose phosphate and on this account it appears highly probable 
that m this senes of observations the primary action of the insulm 
was upon the blood phosphate and that the nse m blood calaum 
occurred m all hkehhood as a secondary phenomenon 

The explanation of the observed nse may be that, as the phosphorus 
IS lowered in the serum saturated with Ca»(POi)i, more calaum and 
phosphate are mobilized from the bones so that the product of Ca 
ions tunes PO« ions tends to be kept constant As would be expected, 
if this were the explanation, it is seen that, m general, (table 1) the 
greater the fall of blood phosphorus, the greater the nse m blood 
calaum Had we a satisfactory method for the determmation, it 
would be mterestmg to know whether there was any alteration in the 
ratio of ionized and unionized calaum durmg the nse m total 
calaum 

The rapidity of the response of blood phosphorus and calaum to the 
admmistration of glucose and msuhn suggests that tetanic seizures, 
assoaated 'with high blood phosphorus and low blood calaum, such 
as one encounters in parathyroid tetanj , may be rehcved by glucose 



146 


SERUM CALCIOTI AFTER GLUCOSE AND INSULIN 


and insulin Moreover, it is possible that glucose and insuhn may 
enhance the action of parathormone Studies to determme these 
points are in progress 


CONCLUSIONS 

1 The administration of glucose and insulin to sia normal mdi- 
viduals, one diabetic patient and one patient with general paresis 
resulted in a prompt fall of phosphorus as shown formerly by Benedict 
and Harrop 

2 There was a definite tendency for the total serum calaum to nse 

3 The first nse m calcium was usually obsen’-ed in the same hour 
as the first fall m phosphorus — the changes gave the appearance of 
being synclironous 

4 Both the phosphorus and calcium effects were seen to have 
disappeared usuall> at the end of four hours 
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THE DETERMINATION OF THE TOTAL HEAT ELIMINATED 
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It IS desirable to be able to determine accurately the total energy 
exchange of human subjects who are to be observed for a number of 
consecutive days durmg which a variety of diets may be fed and a 
certain amount of activity must be permitted The chamber calorim- 
eter IS m general impractical, nor is the average heat production ob- 
tained through repeated determination by means of mdirect calorim- 
etry satisfactory We have accordmgly taken up the question whether 
a third method recently brought forward by Benedict and Root (1) 
could not be modified to meet this need They have shown that the 
amount of the “insensible Perspiration” bears a defimte quantitative 
relationship to the metabohe rate imder basal conditions They 
obtained the loss of weight per hour of subjects m the basal state by 
means of a dehcate balance, suffiaently large to support the necessary 
weight, and plotted this against the basal calones for twenty-four 
hours, obtamed by a standard method By so domg they found that 
the heat loss for a vmit of time is a hncar function of the insensible 
loss of weight for that mterval of tune Thej accordmgly concluded 
that the twenty-four-hour basal heat production could be predicted 
from the hourly basal mscnsible loss of weight 

The msensible loss of weight mcludes of necessity the water vapor 
ehmiuated from the body This vaporization of water is an important 
mechanism for the removal of heat If the mscnsible loss of weight 
bears a constant relationship to the heat elimination, it is necessary 
that two conditions be fulfilled (1) The organism must lose a fixed 
proportion of its heat by vaporization of water and (2) the weight of 

’ Aided b> a gmiit from The Fellowship Corporation 
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water vapor must bear a fixed relationship to the total msensible 
loss of weight 

Numerous studies of the proportion of the total heat elimmated, 
effected through the vaponzation of water have been made by means 
of the calorimeter Soderstrom and Du Bois (2) point out the diffi- 
culties in determining accurately the water vapor given off, m the 
calorimeter, since the rate of ventilation may not always be sufficient 
to maintain a constant humidity They state that the error may be 
as much as 10 per cent The results they obtamed with a group of 
normal men, some of the same men following the mgestion of food, a 
group of boys twelve to thirteen years old, and a group of old men. 


TABLE 1 

Percentage oj lecal loss cjfcclcd through vaporization of water (SSierstrom and Du Bois) 


Subject 

Percentage of heat lost by 
\’ap3nzation 

Averege 

Eange 

Normal (13) 

mmmm 

ter Cent 

21-28 

Normal— food (5) 


i 21-26 

Boys (8) 12-13 years 


22-32 

Old men (6) 

HH 

23-29 


Will be found m table 1 The average percentage of heat lost through 
the vaporization of water for all groups vaned only from 23 to 27 
Likewise, Benedict (3) found m 43 observations of ten individuals 
in the basal state, an average value of 22 per cent, with a vanation of 
19 to 30 per cent He obtained the same value m ten experiments 
earned out with twenty individuals after the mgestion of food, with 
approximately the same vanation 
Levine and Wilson (4, 5) studied six normal children and found a 
variation of 24 to 29 per cent with an average value of 24 per cent of 
their total calones lost through the vaporization of water In the 
case of four normal and six marantic mfants, they found 26 5 and 25 6 
per cent respectively Their range for the whole group was only from 
25 to 30 per cent These mvestigators point out that “Despite the 
cnonnous differences m metabohe rates m the age penods from 
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infancy to adult life, apparently a definite and unvarying fraction of 
the total amount of heat produced by all subjects was removed from 
the body by vaporization of water through skin and lungs, (average 
of 26 per cent) ” 

Since Isenschimd (6) has defined the insensible loss of weight as 
equal to the weight of the water vaporized plus the carbon diomde 
excreted, minus the oxygen absorbed, it is dear that one may calculate 
the proportion of the total heat loss effected by the vaponzatioii of 
water, if the insensible loss of waght, the carbon dioxide output, 
oxygen absorption and total heat production are known 

TABLE j 


Rdaiion between heal toil by vaporlsatton of water ami total tots of heal in the baial state 
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28 9 

19 16 

17 06 

26 8 

1,382 

1,372 

373 

27 

26 6 

17 83 

16 29 

25 1 

1 312 

1,300 

349 

27 

28 3 

17 53 


27 7 

1,347 

1,354 

386 

28 

23 9 

16 36 

15 54 

24 1 

1,243 

1,242 

336 

27 

27 1 

17 34 

16 62 

26 4 

1,326 

1 315 

368 

28 

29 2 

17 59 

17 28 

28 9 

1 372 

1,382 

402 

28 

26 7 

17 31 

15 62 

25 2 

1,285 

1,301 

351 

27 

25 3 

16 38 

15 45 

24 4 

1,237 

1,257 

340 

27 

27 5 

17 11 

16 44 

26 8 

1,312 

1 327 

373 

28 


To do this, we determmed the basal heat production, the oxygen 
absorption, and the carbon dioxide output by means of the Tissot 
method The basal insensible loss of weight was obtained by means 
of a large balance on the same day or alternate days The weight of 
the water vaporized was calculated from the equation of Isenschmid 
These data for a normal subject will be found in table 2 It will be 
seen that the heat lost by the vaporization of water (0 58 X weight 
of water vapor) bears a constant relationship (27 to 28 per cent) to 
the heat production, and therefore to the heat elimination, smce the 
two are equal under these conditions 
Our studies present further evidence that the organism tends to 
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lose a fixed proportion of its heat through the vaporization of water 
It IS therefore true that the first condition necessary for constant 
relationship between the insensible loss of weight and the total heat 
ehmmation exists ‘ 

The second condition postulated, i e , that the weight of the water 
vapor must bear a fixed relationship to the total insensible loss of 
weight will now be considered From Isenschmid’s equation, it is 
obvious that this relationship can only be disturbed by vanation m 
the difference between the weight of carbon dioxide excreted and oxy- 
gen absorbed In the basal state, the respiratory quotient and conse- 
quently this difference, except in a few cases, vanes but httle There- 
fore, for individuals in the basal state, both conditions are fulfilled, 
and the insensible loss of weight must bear a definite relationship to 
the total heat elimination It is obvious that a marked departure 
from the usual basal quotient will entail a small error 

The advantage of extending tins simple method for the determina- 
tion of total energy expenditure to consecutive twenty-four hour 
periods in the case of individuals who are taking food and voiding 
excreta, is obvious 

On theoretical grounds, two major objections present themselves 
First, if the total heat elimination is to be used as a measure of the 
total energy expenditure, the performance of mechanical work must 
be avoided or measured Second, it will be recalled that the vahdity 
of this method rests upon the constancy of the relationship between 
the total msensible loss of weight, and the weight of water vaporized 
From Isenschmid’s equation, it is obvious that this relation is effected 
by variations in the difference between carbon dioxide excreted and 
the oxygen absorbed In other words, the nature of the metabohe 
mixture will effect this relationship The degree to which it is effected 
may easily be calculated as follows An hypothetical mdividual has a 
basal metabolic rate of 2025 calories per twenty-four-hours The 
respiratory quotient is 0 82, imder these conditions he will absorb 
600 grams of oxygen and give off 676 grams of carbon dioxide The 

® It will be further seen that these results confirm those of Benedict and Root 
in that the twenty-four hourly loss of heat predicted from the hourly msensible 
loss of weight agrees with the twenty-four hourly heat production determined 
by the Tissot method 
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weight of the water vapor given off may be calculated, since approxi- 
mately 28 per cent’ of the total heat loss is effected in this way The 

( onoe y Q 28*\ 

— — ) Therefore, the msensible loss 

of weight = 978 grams 4-676 grains^— 600 grams which is 1054 grams 
When, therefore, the respiratory quotient is 0 82, the weight of the 
water vaporized will be 92 8 per cent of the total insensible loss of 
weight. If the heat production remains the same, but the quotient 
becomes 1 00 tnstead of 0 SZ, the tndtmdual wtU absorb 573 grams of 
oxygen and gtve off 78S grams of carboti dtoxtde The msensible water 
remams the same Hence, the total msensible loss of weight becomes 
1193 grams In this case, the weight of the water vapor becomes 82 
per cent of the total insensible loss of weight 
On the other hand, when the respiratory quotient is 0 707, the in- 
sensible loss of weight becomes 940 grams and therefore it will be 
seen that the weight of the water vapor is 104 per cent of the total 
msensible loss It is therefore theoretically true that an mdividual 
■with a heat production of 2025 calones might lose msensibly an amount 
of weight which vanes from 940 grams to 1193 grams What does 
this vanation signify m terms of predicted heat loss? By consultmg 
the table of Benedict and Root, it will be noted that each mcrement of 
one gram of the insensible loss of weight corresponds to thirty-one 
calones per twenty-four-hours The maximal vanation m the insen- 
sible loss of weight for the subject whose heat production was 2025 
calones, was 253 grams This would represent a vanation of 315 
calones per twentj four-hours, or 15 per cent of the total heat produc 
tion When the usual basal respiratory quotient of 0 82 exists, the 
maximal vanation from it to unity is 8 per cent, and from it to 0 707, 
7 per cent Smee Benedict and Root obtamed the data for their 
table from subjects m the basal state, the respiratory quotients were 
presumably m the neighborhood of 0 82 Smee neither pure carbo 
hydrate nor fat furnish all the energy for the twenty-four-hour penod, 
the possible error in the extension of Benedict’s and Root’s values to 
the twenty four-hour state would be less than 8 per cent The 
probable error is less than 5 per cent, the usual error allowable in 
other methods of determinmg energy outgo 

’ Wc ha\'e used the value obtained bv us. 
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METHOD 

If It IS desired to obtain the weight of the insensible perspiration for 
twenty-four-hour penods in subjects who are taking food and voiding 
excreta, allowance must be made for the weight of these matenals 
Under these circumstances the difference between the subject’s 
weight at the beginning and at the end of the penod is not merely the 
weight of the insensible perspiration, for the second weight of the 
subject has been “sensibly” increased by the weight of the mgesta 
and “sensibly” duninishcd by the weight of the unne and stool In 


TABLE 3 

Determination oj insensible perspiration for a period of tiUenly four hours 


Tirst weight of subject 
Weight of food 

Weight of dnnk 

grams 

61,695 

1,615 

715 

64,025 

Second weight of subject 
Weight of urine 

Weight of stool 

crams 

61,465 

1,436 

102 

63,003 

First corrected weight 



64,025 

Second corrected weight 



63,003 

Insensible perspiration 



1,022 


Hourly insensible pcrspiraUon 


1022 

24 


= 42 6 


Total calories for the 24 hours = 1800 


order to correct for these factors, the weight of the mgesta was added 
to the weight of the subject at the beginning of the penod, and the 
combmed weight of the unne and stool was added to the weight of 
the subject at the end of the penod The difference between these 
corrected weights of the subject now represents the weight of the 
msensible perspiration for the penod •* Table 3 is an example of the 
apphcation of this procedure for obtainmg the total insensible loss 

* This method of weighing the insensible perspiration, in the case of subjects 
who were active and taking food, has been used by a number of earher observers 
Smee their work has already been discussed m the paper of Benedict and Root (1) 
it IS needless for us to review it agam 



MARGAEET WOODWEIi JOHNSTON AND L. H NEWBURGH 153 


of weight ‘ The hourly insensible loss is obtained by dividing the 
total insensible loss by the length of the period expressed in hours 
The twenty-four hour calones, which correspond to this value, may 
be found by reference to the prediction table of Benedict and Root 
In the use of this method it is necessary to guard against two major 
sources of error Benedict and Root pomted out the mterfenng effect 
of sweatmg on the one hand, and of lowermg the skm temperature 
by undue exposure, on the other hand If water m the hquid state 
(sweat) leaves the body, weight will be lost but heat will not. The 
water must be evaporated m order to remove heat Hence an msen- 


TABLK 4 

Effect of stoeating on tnsennbU loss of weight 



losemlble 
Imi per . 
boar 

EoTirtm- 
zoenU] tern 
pentore 

ElnTiran 

meoul 

humidity 
ftvenct ! 
7 tt.m. to 

7 pjn. 


Xlasi 

Atw 

ua 


tram 

P 

F 

ptrami 


June 29 

69 

62 

60 

98 

Comfortable day 

June 30 

85 

78 

63 

73 


July 1 

92 

82 

73 

72 

Sweat drips from subject 

July 2 

99 

82 

75 

74 

Sweat drips from subject 

July 3 

80 

i ^ 

78 

78 

FaiL No visible sweat 

July 4 

78 

84 

74 

76 

Faa. No visible sweat 

July S 

1 

77 

66 

70 

Comfortable day 


sible loss that mcludes sweat nrll be too great when used as a measure 
of heat loss Contrawise, when the skm is cold, less than the usual 
amount of heat will be removed by vaporization and the per cent of 
heat lost by that method will accordmgly be less than the assumed 
amount Hence it is necessary that the subject be consaously neither 
hot nor cold The ideal skin temperature for this method of deter- 
min ing heat ehmmation has not yet been worked out 

In order to study the influence of sweatmg, an obese but otherwise 

‘The subject was weighed bj the "silk.” scales (1), which is accurate to ten 
grams The excreta and drinking water were weighed on a balance accurate to 
one gram The individual items of food were weighed to one tenth gram, and the 
total for the da> recorded to one gram 
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normal woman, was confined to bed for a number of days Dunng 
this time persons were employed to watch her contmuously so that 
we could be sure that no irregularities m our plan of investigation 
occurred The average of four determinations of the basal rate gave 
1935 calones for twenty-four-hours Dunng the penod m question, 
the weather was cool the first day but became progressively hotter 
and wetter durmg the next four days The hourly msensible loss of 
weight was correspondingly higher on each succeedmg day until a 
large electnc fan was directed at the subject The unavoidable 
sweating which had been marked on July 1st and 2nd, ceased and the 
insensible loss of weight declmcd sharply The data will be found m 
table 4 


TABLE s 

LJfccI of exposure on tnscnstble perspiration 


Date 

Hourly 
(useiisible loss 

Total calories 
for 24 hours 
predicted from 
insensible loss 

Basil calories 
for 21 hours by 
Tissot method 

January 12 

{ram 

62 7 

2,350 

1,854 

January 14 

48 5 


1,740 

January 15 

34 5 

1,550 

1,657 

January 16 

53 0 


1,658 

January 17 

38 6 

1,650 

1,674 

January IS 

34 5 

1,550 

1,715 

January 19 

31 6 

1,450 

1,683 


When the environmental temperature is low, the same per cent 
of heat IS lost by evaporation provided the skm temperature is kept 
sufficiently high by means of clothing, but when the skm temperature, 
due to exposure, falls below the critical level (still to be determined) 
less than the usual amount of water is evaporated from its surface 
As a result, the relationship between msensible perspiration and total 
heat loss m the sense of Benedict and Root, no longer exists 

The mtederence caused by exposure was very marked m the case 
of one of our subjects who was allowed to be up m a wheel chair 
She did not co-operate well and often was out of bed for more than an 
hour at a tune with her legs entirely uncovered and the rest of her 
body msuffiaently clad In her case, the prediction of total calones 
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from the insensible loss sometimes gave values less than the basal 
calones (table 5) 

Some weeks later, when the basal calones were about 1550 for 
twenty four-hours, the same subject was confined to bed for three 
days under contmuous guard Under these conditions the hourly 
insensible loss became an entirely satisfactory means of predictmg the 
total heat loss, as wiU be seen by consultmg table 6 The predicted 
total calones were 25 per cent greater than the basal calones 

Under carefully controlled conditions, we have determmed the 
insensible perspiration for a senes of consecutive twent>-four 
hour penods 

The subject was a normal'man, thirty-two years old, who under- 
stood the nature of the mvesUgation and whose co-operation was ideal 


TABLE 6 

Total heat last predicted from inseitsihle perspiration when caalm( aj shn teas prevented 


i 

DaU ' 

Hoorfy 

laiRtslblt 

ToUl beat 

1 

fTMa 

tsUHo /0r i4 

April 24 

45 6 

1,900 

April 25 1 

47 0 

1,930 

April 26 

46 8 

1 930 


In order to reduce the performance of mechanical work to a mmimum, 
he was kept continuously in bed with the exceptions noted below 
He was clad m flanelette pajamas and socks The temperature of 
the room was kept close to 72°F dunng the day Dunng the mght 
a window was open The subject was allowed to sit up m bed dunng 
the day supported by a back rest He occupied himself readmg, 
playmg cards and chattmg At 8 30 each mommg he stepped out of 
bed to urmate mto a weighed container and then walked to the scale 
a few feet away After being weighed, he returned to bed and took 
off his night clothes which were weighed and returned to him He 
kept his body warm with the bed covers m the mterval As a rule, 
he was next taken to the laboratory by means of a wheel chair At 
such times he always had on a dressing gown and was protected from 
draughts by blankets In the laboratory he stepped from the chair 
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TABLE 7 


Prchmtnary weighings needed to obtain total heat chminahoii for 2d hour periods 


Date 

Subject 
8 40 n m 

Food 

Water 

Unne 

Stool 

Remarks 

1929 

t^atnz 


grams 

grams 

grams 


Januarj' 9 


2,127 

602 




January 10 


2,359 

688 

1,495 



January 11 

59,520 

2,459 

268 

mm 

122 


January 12 

59,385 

mmm 

724 

2,180 

0 


January 13 

59,210 

2,356 

300 

1,194 

0 


January 14 

59,590 

2,355 

368 

1,376 

22 

Restless rught 

January 15 


mm 

407 


205 


January 16 

59,785 

2,044 

290 

1,585 

187 


January 17 


2,043 

234 

1,176 

131 


January 18 

59,235 

2,045 

202 

1,382 

107 


January 19 


2,045 

143 

1,301 

124 


January 20 

58,765 

2,045 

474 


0 


January 21 

58,735 

2,044 

197 


162 


January 22 


2,046 

103 


119 


January 23 

58,325 

2,043 

173 


0 


January 24 


2,046 

310 


159 


January 25 


2,044 

223 

1,514 

0 


January 26 

E 1^ 

2,041 

75 

1,108 

0 


January 27 

E lOS 

2,044 

283 

1,350 

113 


January 28 

57,725 

2,044 

119 

1,156 

147 


January 29 

57,440 

2,044 

68 

959 

0 


January 30 

57,465 


159 

1,206 

0 


January 31 


2,068 

193 

1,111 

105 


February 1 

57,515 

2,042 

147 

1,422 

0 


February 2 

57,245 

2,046 

0 

1,334 

85 


February 3 

56,815 

2,044 

166 


0 


February 4 


2,044 

88 

1,236 

188 


February 5 

56,875 

2,046 

74 

985 

0 


February 6 

56,940 

2,044 

121 

1,340 

0 


February 7 

56,815 

2,044 

249 

1,257 

0 


February 8 


2,046 

200 

iSH 

300 


February 9 

56,585 

2,043 

134 

ESia 

60 


February 10 

56,435 

2,046 

430 

1,696 

0 


February 11 

56,345 

2,044 

73 

1,274 

0 


February 12 

56,310 

2,045 

86 


361 


February 13 


2,045 

0 

1,132 

0 


February 14 

55,980 

2,043 

117 

1,326 

0 


February 15 

55,975 

2,034 

43 


288 



to the bed attached to the dehcate balance in order to permit the 
determination of the insensible loss in the basal state or to measure 
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TABLE 8 


Pndtded heat elminatton for Zf hour periods 


DaU 

Girrectcd wdfbt 

Trttrmtbk Iom 

ToUl 

olodes 

preilkted 

I 

n 

ToUl 

Hcrurlj’ 

1919 

traM 

Cfaau 


crsau 


January 9 

63,099 

61,386 

1 713 

71 

4 

2 630 

January 10 

62,407 

61 121 

1,286 

53 

6 

2,130 

January 11 

62,247 

61,034 

1,213 

50 

5 

2 040 

January 12 

62 46S 

61,392 

1,073 

44 

7 

1,860 

January 13 

61 862 

60,784 

1 078 

44 

9 

1,870 

January 14 

62,313 

61,138 

1,175 

49 

0 

1,990 

January 15 

62 503 

61 494 

1 009 

42 

0 

1 775 

January 16 

62,119 

61,032 

1,087 

45 

3 

1,880 

January 17 

61,537 

60 542 

995 

41 

5 

1,760 

January 18 

61,482 

60 489 

993 

41 

5 

1,760 

January 19 

61 188 

60 190 

998 

41 

6 

1,760 

January 20 

61 284 

60,292 

992 

41 

0 

1,745 

January 21 

60 976 

60 002 

974 

40 

6 

1,740 

January 22 

60,649 

59 714 

935 

39 

0 

1,680 

January 23 

60 541 

59 533 

1,008 

41 

6 

1,760 

January 24 

60 726 

59,849 

877 

36 

5 

1 610 

January 25 

60 307 

59 304 

1 003 

41 

7 

1,760 

January 26 

59,906 

58 948 

958 

39 

9 

1 715 

January 27 ^ 

60 167 

59,188 

979 

40 

8 

1,730 

January 28 

59,888 

58 743 

1,145 

47 

7 

1,950 

Jinuary 29 

59,552 

58 424 

1 128 

47 

0 

1,930 

January 30 

59,684 

58,686 

998 

41 

6 

1 760 

January 31 

59,741 

58,731 

1,010 

42 

1 

1,780 

Frf)ruary 1 

59 7W 

58 667 

1 037 

43 

1 

1,815 

February 2 

59,291 

58 234 

1,057 

44 

0 

1,840 

Fdiruary 3 

59,025 

58 005 

1 020 

42 

5 

1,790 

February 4 

59 232 

58,299 

933 

38 

8 

1,680 

February 5 

58,995 

57 925 

1,070 

44 

5 

1 855 

February 6 

59 105 

58,155 

950 

39 

6 

1,705 

February 7 

59 108 

58 187 

921 

38 

3 

1,665 

February 8 

59 176 

58 245 

931 

38 

8 

1,680 

Fcbruar> 9 

58 762 

57 798 

964 

40 

2 

1 720 

February 10 

58 911 

58 <U1 

870 

36 

3 

1 600 

February 11 

58 462 

57,584 

878 

36 

6 

1,610 

February 12 

58 441 

57 501 

941 

39 

2 

1,700 

February 13 

58,005 

57 112 

893 

37 

2 

1 630 

February 14 

58 140 

57 296 

844 

35 

2 

1,570 

February 15 

58 052 

57,064 

988 

41 

0 

1,745 
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the basal metabolic rate by the Tissot method Thereafter he was 
taken, back to bed and remamed there until the next mommg except 
when he got up to urmate or defecate Thu weights of the food, 
water, unne and stool for each twenty-four-hour penod, were recorded 
to one gram 



E^g 1 Shows the Close Agreement Between Basal Metabolic Rate 
Determined by the Tissot Method (broken line B ) and Calculated 
FROM THE Hourly Insensible Loss of Weight (solid line C ) 

The upper hne A shows the total twenty-four hourly heat production obtained 
by means of the insensible loss 

The data of the last period of this study are presented m detail 
The penod began at 8 40 a m on January 9 and ended at 8 40 a m 
on February 16, 1929 From January 9th through January 15th the 
subject received a diet containing 2091 calones and intended to furnish 
the energy required for maintenance Thereafter the diet contamed 
1078 calones The daily record of the weights of the subject and of 


I 
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the “sensible” ingesta and excreta are contained in table 7 Table 8 
contains the corrected weight of the subject at the beg innin g and 
end of each twenty-four-hour penod The subtraction of the second 
from the first corrected weight gives the insensible loss for each twenty- 
four-hours (column 4) In order to conform to the prediction table 
of Benedict and Root this has been converted mto ‘loss per hour ” 
In the last column the total heat ehmmated, predictable from the 
hourly insensible loss, has been set down 

In figure 1, the total twenty-four-hourly heat ehmmation is plotted 
together with the basal calones for twenty-four-hours obtamed by the 
Tissot method It wiU be seen that m general the total heat elimma- 
tion shows the expected relationship to the basal metabohc rate It 
IS roughly 30 per cent greater That is about the difference one 
antiapates between the total and basal calones for persons m bed 
In the middle of the penod (January 29 to January 30) there is an 
inaease m both total and basal heat production At this tune the 
subject was visited by a person of the opposite sex in whom he had a 
deep mtercst 

It IS further mteresUng to note the rapid fall m total heat production 
dunng the first three days m bed It is apparent that dunng this 
tune he accustomed himself to the enforced quiet From then on, 
the maximal vanation m total calones was 420 calones which repre- 
sents approximately 25 per cent of his average outgomg calones It 
IS not unreasonable to believe that under these conditions, this vana- 
tion may be entirely accounted for by diSerent amounts of activity 
Since there was a dechnmg heat production comadent with a decrease 
m weight, this vanation becomes less significant 

This senes of observations demonstrates the apphcabihty of this 
method to the determination of the total twentj'-four-hourly heat 
ehmmation 


CONCLUSIONS 

The statement of Benedict and Root that the basal metabohc rate 
may be accurately predicted from the basal msensible loss of weight 
has been confirmed 

The pnnaple has been modified so that it may be satisfactorily 
used to measure the total heat production of human subjects, if pre- 
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cautions are taken to prevent either sweating or cooling of the skin 
below the critical temperature 
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MEASUREI^IENT OF TOTAL WATER EXCHANGE* 

By L. H. NEWBURGH MARGARET WOODWELL JOHNSTON and 
MARK FALCON LESSES 

{From the Dtpiuimcnl of Iniemal ifedlcine, Ifedtccl Schoei^ Vm^crsUy of Michiian, 
Ann Arhcr) 

(Received for publication July 1, 1929) 

As a rule when the terms, “water balance” or “water exchange,” 
occur m chnical hterature, the writer has m mind merely a comparison 
between the water which enters the body as food and dnnk with the 
water which leaves it as unne Sometimes the water of the stool 
IS also mcluded A statement that mcludes merely these mcrements 
of water is maccurate and hable to be misleadmg, smce it fails to 
take mto account (1) the large amount of water that is evaporated 
from the skm and lungs, (2) the water that is formed by oxidation of 
the food, (3) water physically held as part of the protoplasm, but set 
free nhen the organism denves some of its energy by burning its 
own tissues 

I 

We propose to describe a system which permits the observer to 
obtam an accurate account of all the sources and the total amount 
of water that becomes available for the organism on the one hand 
and of the amoijnt of water that leaves the organism on the other hand 

In workmg out a plan for dealmg with all the mcrements of water, 
it IS helpful to think of them under two separate headings (1) Those 
that may be rpeasured by standard laboratory methods, and (2) those 
whose value is obtamed indirectly by calculation The first group 
includes the water that the subject dnnks os such, and the water 
contomed m the food, unne and stool The second group consists of 
the water evaporated from the skm and lungs, the water that is a 
byproduct of the combustion of matenals, and water made free when 
bodj tissue is burned 

* Aided b> a grant from The Fellowship Corporation. 
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In order to determine whether the organism has gained or lost water, 
It IS necessary to classify the above mentioned portions of water under 
two headings On one side of the balance sheet are gathered together 
all those increments of water that have become available as free 
water for the first time durmg the penod They mclude not only 
the water that enters the organism from the outside, but also the 
water formed by oxidation of the metabolic mixture, “ and the water 
that IS freed when body tissues are burned (preformed water) On 
the other side of the balance sheet all the fractions of water that have 
been given off by the organism, are brought together They are the 
water of the unne and stool and the water that has been given off by 

TABLE 1 
Water exchange 

A\nllable water Water given off 

{ninu trams 

E Water of unne 

F Water of stool 

G Insensible water 

Total 

Difference 

the skin and lungs’ (insensible water) Table 1 is a water balance 
form that was found useful 

The weights of each of these seven items of water were obtamed m 
the following manner 

A The subject drank water as desired from a “thermos bottle” 
fitted with a rubber stopper containing a glass dnnkmg tube The 
stoppered bottle filled with cold water was weighed at the begmnmg 
of the penod and again at the end on a balance accurate to one gram 
Less than one gram of water evaporated from the bottle m twenty- 
four hours 

B Several different diets were used The best results were ob- 
tamed when only milk and sucrose was fed Durmg this penod, the 

^ The metabohe mixture consists of all the materials burned by the orgamsm 
dunng the penod and thus often mcludes body tissues 

’ This water is chiefly or entirely removed from the body by evaporation, but it 
also includes any water lost as hqiud sweat 


A Water drunk 
B Water of food 
C Water of oxidation 
D Preformed water 
Total 
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desired composition was secured by mixmg appropriate amounts of 
cream (40 per cent), whole milk and skim mi l k After thorough 
miTin g a sample was removed Its water content was determmed 
by freezmg and desiccation in vacuo (1) The sucrose was considered 
to be dry 

At other times the diet mcluded bread, butter and bananas m addi 
tion to the milk mixture and sugar Samples of banana were frozen 
and desiccated The water content of the bread was determmed by 
dtymg in the oven Smce the butter contamed, at most, two grams of 
water, its water was not regularly determmed Fifteen per cent of 
Its weight was allowed for water * 

Finally we were mterested to know what results could be obtained 
when the usual types of food were employed instead of the highly 


TABLE 1 
InstnsibU water 


I 


n 


Subject at beginning 

fnnu 

1 

Subject at end 


Food 


Urine ^ 

— 

Dnok 

1 

Stool 

— 

Oxygen 

1 

Caibon dionde 

— 

Total 

— 

Total. 

— 


restneted diets just desenbed Accordmgly the standard vegetables, 
fnuts, meats, milk, eggs, bread and butter cooked in the customary 
way, were fed Compheated desserts and salad dressmgs were omit- 
ted Since it seemed hopeless to obtam a fair sample from such a 
compheated mixture, the water content was determmed as follows 
A dietitian prepared two diets as nearly alike as she could All that 
the subject was to receive at any meal was placed on a tray and the 
whole weighed After the subject had eaten, the tray and dishes 
were weighed again The dupheate diet was also placed on a tray 
which was then weighed The food was next scraped into an enameled 
can of known weight, and the covered can was placed in a refrigerator 

* In order to get accurate knowledge ot the composition of the diet, a sample of 
the milk mixture was analjaed for nitrogen (Kjeldahl), fat by the Babcock method, 
and ash Samples of the dry bread and bananas were analj'sed for nitrogem 
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The subject received three meals daily and the duphcate diet was also 
served m three portions, weighed and collected m the can The latter 
was then weighed with the whole wet duphcate diet m it and placed 
on a steam bath whose temperature vaned from 50° to 70°C It 
took about two weeks to reach its final weight The loss was assumed 
to have been caused entirely by evaporation of water However 
such “dry” diets® lost an additional small amount of weight after 
being m a desiccator over sulphunc aad 

TABLE 3 

Constants to obtain ox-ygen absorbed and carbon dioxide given off 
Oxygen 

Multiply protein by 1 38 
Multiply fat by 2 86 

Multiply carbohydrate by 1 13 

Carbon dioxide 

Multiply protein by I 46 
Multiply fat by 2 78 

JMultiply carbohydrate by 1 54 


C The weight of the water that arises from protem, fat or carbo- 
hydrate when they are oxidized by the organism, has been determined 
by several students We used the foUowmg values (2) 

100 grams protem yields 41 grams HaO 
100 grams fat jaelds 107 grams HjO 

100 grams carbohydrate J^elds 60 grams H 2 O 

It IS, however, necessary to know the metabohc mixture before this 
mcrement of water can be calculated The method of calculatmg 
the former has already been descnbed (3) 

D To obtam the preformed water the diet and the metabohc 
mixture are compared When the former contains more energy 
than the latter and when no body protein is destroyed or when the 
caloric value of the two is the same, no preformed water is released 
When, however, a submaintenance diet is fed, the destruction of body 
tissues frees the water that was physically held by them But under 

® All of the dry duphcate diet collected dunng a penod was ground and a sample 
analysed for mtrogen 
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Weight 0 / oxygfn added to body to complete oxidation e/f metabolic mixiure 


A Protein (MubcIc protein) 

Compotllion (4) 

J-, ei A /Respuntoiy 40 per cent 

C - 51 per cent \-n_, . , « , 

l^Urine and fecca 11 per cent 

H to form -water — 4 8 per cent 
O “ 21 i>er cent 

1 gram C requires 2 66 grama O to form COj 
1 gram C require* 143 grams 0 to form urea 
1 gram H requires 8 0 grams 0 to form water 
therefore 

(a) Protein X (0 40 X 2.66) — O to form COj 

(b) Protein X (0 11 X 143) 0 to form urea 

(c) Piotem X(0 048 X 80) -Oto form HiO 

(d) Protein X 0 21 « Intramolecular O 

(a + b + c) — (d) - 1484, hence 

Protein X IJS -■ Oxygen hdded 
B Fat (tnpahnitin) 

Composition 
C *■ 76 per cent 
H — 12 percent 
0 * 12 per cent 

(a) FatX (0 76 X 266) - Oto form CO, 

(b) Fat X (042 X 8 0) - 0 to form H,0 

(cj Fat X 0 12 •• Intramolecular 0 

(a + b) — (c) - 2 86, hence 

Pat X 2 S6 •• Oxygen added 
C Carhokydraie (sucrose) 

Composition 
C “ 42 per cent 
H — 64 per cent 
0 — 514 per cent 

(a) CH X (0 42 X 2 66) - O to form CO, 

(b) CH X (0 065 X 8 0) - O to form H,0 

(c) CH X 0 515 " intramolecular 0 

(a + b) - (c) - 1 125 hence 
Carbohydrate X I J3 ^ Oxygen added 

U eight of carbon dioxide yuJded by the meiabedic mixture 
A Protein 

Protein X (040 X 3 66) - CO, 

B Foi 

Fat X (0 76 X 3 66) - CO, 

C Carbohydrate 

CH X (0 42 X 3 66) - CO, 
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these circumstances the total amount of preformed water released 
can not be calculated while glycogen is bemg destroyed, smce it 
is not known how much water it binds In the previous paper (3) 
we pointed out the ways by which we believed we had selected penods 
during which no glycogen (or a very few grams) was being oxidized 
Comparison between the ingoing and outgoing mtrogen shows 
whether body protem has been destroyed It is customary to allow 
three grams of preformed water for every gram of protem The 
remainder of the calones furnished by the body come from fat Its 
preformed water is considered to be about ten per cent of its weight 
E The water content of the unne was obtamed by freezmg and 
desiccatmg, in vacuo, duplicate samples of each twenty-four hourly 
amount, by means of the same technique employed for milk 
F The subject defecated directly into a weighed enameled con tamer 
by means of a commode After recording the weight of the contamer 
plus the wet stool, the whole was placed on the steam bath without 
transfer The loss of weight, which was complete in three or four 
days, was assumed to be entirely due to evaporation of water ® 

G We have obtained the weight^ of the insensible water by addmg 

® All of the feces formed while any single diet was being used was mixed, ground 
and analysed for nitrogen When the subject received only the milk mixture and 
sugar, fat and fecal ash was also determined 

^ Since the time of Sanctonus (1614) it has been known that there is a contm- 
uous loss of gaseous material from the body Later studies have shown that this 
consists of carbon dioxide and water vapor The combmed weight of these two 
IS greater than the weight lost by the organism as determmed by the scales (The 
terms “Insensible loss” or “Insensible perspiration” refer to the latter ) This is 
true because the loss of weight caused by the outward passage of carbon dioxide 
and water, is, in part, compensated for, by the weight of the oxygen absorbed 
Isenschmid (5) has expressed this relationship thus 

Insensible loss = HjO + COj — Oi 

If carbohydrate alone were being burned the weight of oxygen absorbed would 
equal the weight of the oxygen contained in the carbon dioxide given off Under 
these conditions the insensible loss would equal the weight of the water plus carbon 
When, as is usually the case, fat and protem nre burned, some of the oxygen 
absorbed is used to complete the oxidation of hydrogen as veil as carbon Then 
the insensible loss may be thought of as made up of water, carbon and hydrogen 
Schwcnkenbecher and Inagaki (6) pointed out this relationship in 1905 

Because of this varying relationship it is not possible to detemune the total 
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the -weight of everything that entered the body dunng the penod to 
Its -weight at the beginning, and by adding the weights of everything 
that left the body dunng the penod, other than -water yapor, to its 
weight at the end of the penod The difference between the two sums 
IS dearly the weight of the water lost insensibly Table 2 shows what 
weights need to be used The manner of obtaining the weights of 
the subject, food, dnnk, unne and stool, has already been descnbed 

The weight of the oxygen is obtamed by calculating how much of 
It had to be added to the body to complete the o-ndation of the 
metabohc mixture, and the weight of the carbon dioxide is denved 
by means of the same type of calculation The time required for 
these cumbersome calculations may be greatly reduced by means of 
numencal constants 

Table 3 shows the constants* we have used These constants were 
obtained by the calculations shown m table 4 

n 

When It was desired to obtam the day to day water exchange of an 
mdi-vidual we proceeded as follows 

1 The mean twenty four hourly heat production was detenruned (3) 

2 The metabohc mixture -was calculated from this value, the com- 
position of the diet and the outgomg mtrogen 

3 Next the weights of the oxygen absorbed and carbon dioxide 
given off on the basis of this mixture were obtamed, and the oxygen 
•value subtracted from that for carbon dioxide 

4 The subtraction of this latter difference from each twenty four 
hourly msensible loss gives the weight of the -water lost insensibly 
dunng each twenty-four hours 

5 The water formed by oxida ion of the metabohc muxture was 
calculated 

insensible water by merelj deducting the weight of the carhon of the metabolic 
mixture from the insensible loss. The oxygen and carbon dioxide may be deter 
mmed directli or calculated from the metabohc mixture TOth the weights of 
the insensible loss, the carbon dioxide and oxygen, the insensible water may be 
obtamed from Isenschmid’s Equation 

’ Lusk (Saence of Nutrition 3td ed., p 28) states that it requires 133 43 
grams ox> gen to bum 100 grams meat protem, 288 5 grams oxygen for 100 grams 
fat, and 118 5 grains oi> gen for 100 grams starch 
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6 The diet was compared with the metabohc mixture and the differ- 
ences used to calculate preformed water, if body tissue was being 
oxidized, or if tissue was being added to the body, the appropriate 
amount of water (stored by it) was subtracted from the total avail- 
able water 

The use of an average metabohc mixture for the penod instead 
of calculating one for each twenty-four hours has two advantages 
It tends to compensate for any irregularities of absorption and oxida- 
tion and so probably gives a better statement of what has been metabo- 
hzed Further, it greatly reduces the time reqmred for calculation 

in 

A concrete example of the way in which water exchange was deter- 
mined will now be given 

The normal subject and the general conduct of the study have 
already been described (3) From January 3 to January 8, 1929, 
his life and diet were imrestncted The evenmg of January 8 he 
went to bed in the speaal room, and the next mormng began to receive 
a milk mixture and sugar in amounts which were expected to be close 
to his reqmrement for maintenance 

The water exchange was determmed for five consecutive days 
begmmng January 11 Durmg this time the milk mixture was found 
by analysis to contain 69 grams of protem, 83 grams of fat and 112 
grams of carbohydrate, per day In addition he received 155 grams 
of sucrose daily The average twenty-four hourly heat production 
was 1907 calones The diet yielded 2091 calones, and he destroyed 
11 88 grams of body protein daily The subtraction of the out-gomg 
calones from the calones of the diet plus those of the body protem, 
left 232 calones to be stored For purposes of calculation it is assumed 
that they are stored as fat This represents the storage of 24 grams 
of fat, or an addition to the body weigh" of 26 grams On the other 
hand he lost 11 9 grams of protem from the body daily, which, with 
its water, represents a loss of 48 grams Therefore, he should lose 22 
grams of weight dady His metabohc mixture was 81 grams protem 
(diet plus body protem), 267 grams carbohydrate (it is assumed that 
all the carbohydrate of the diet was burned), and 57 grams of fat (to 
supply the difference between the outgomg calones and the sum of the 
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calones denved from the protein and carbohydrate oxidized) From 
the above it is evident that there was released the water which was 
held by the 11 9 grams of body protein destroyed daily That is an 
addition of 36 grams to the available water On the other hand he 
stored 24 grains of fat which holds 2 grama of water, so that we may 
consider that 34 grams of preformed water became avahable 
The water formed by the oxidation of this metabohc mixture (oh 
tamed by means of the constants mentioned above) was 254 grams 
By means of the constants m table 3 it is found that the oxygen 
absorbed to complete the oxidation of the metabohc mixture weighed 
576 5 grams and the carbon dioxide produced weighed 687 9 grams 
The difference is 111 grams The subtraction of this value from the 
twenty-four hourly msensible loss gives the dady insensible water 
Smce the diet was unusual it was thought that the standard method 
of calculatmg the avadable calones of the diet nught not be sufiBaently 
accurate For this reason the calones actually lost in the stool were 
determined by the oxy calorimeter of Benedict and Fox" (7) The 
calones lost m the unne were calculated by multiplymg the unnary 
N by 8, (following the custom of the Carnegie Institution) The 
calonc value of the stool was 4 35 calones per gram of dry weight 
The total calones lost m the stool and unne for the penod were 979 
or 196 per day The full heat value of the diet was obtamed by multi- 
plymg protem by 5 65 , fat by 9 54 and carbohydrate by 4 To this 
value was added the calones denved from body protem, m atin g a 
total of 2317 daily From this must be substracted the calones lost 
in unne and stool, leaving 2121 calones for metabohc disposal The 
twenty-four hourly calones determmed by msensible loss were 1907 
Since the full heat value has been assigned to the materials oxidized, 
the calones of the metabohc mixture m this case must consist of the 
total heat production plus the potential heat lost m the unne and 
stool, that IS, 1907 -|- 196 2103 The metabohc mixture would 

accordmgly be protem 81 grams, fat 61 grams and carbohydrate 267 
grams The only difference between the metabohc mixtures calcu- 
lated by the two methods is four grams of fat With the latter mix- 

° We are indebted to Dr T M Carpenter of the NutriUon Laborator> of the 
Carnegie Institution for this determination. 


THE jotrmatii. or ojkicai. un-EmoATtox tol nn xo 2 
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TABLE S 


Data itscd tii calculahon of water exchange 


D»te 

Wdjiht 


Milt* 

Unne 

Stool 

JU 

Heat produc 
tioa 

subject 
8 40 
aJu 

Ih 

It 

rt 

3 

o 

H 

u 

It 

d 

3 

fS 

-3 

:=3 

o 

t/i 

a 

3 

eS 

-o 


im 

[rami 

[rams 

grams 

per 

tent 

grams 

grams 

grams 

grams 

grams 

grams 

grams 

caJo 

Ties 

January 11 

59,520 

268 


87 8 

1,527 

45 


122 

17 5 

0 72t 

1 213 


January 12 

59,385 

724 


87 5 

2,182 

49 6 

12 33 

0 


0 72 

1,073 


January 13 

59,210 

300 

2,198 

87 5 

1,194 

44 6 

12 69 

0 


0 72 



January 14 

59,590 

368 


87 5 

1,376 

41 7 

11 76 

22 

6 5 

0 72 

1,175 

WSit 

January 15 


407 


87 3 

1,504 

42 6 


205 

55 

0 72 


1,775 

January 16 

59,785 












* To obtam total weight of food, add 155 grams daiij>'for sucrose 
t Total mixed stool analysed in duplicate for N and apportioned per day 


TABLE 6 


]Vater exchange of a norma! subject Diet more than maintenance 



(1) 

(2) 

(3) 

(4) 1 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

Date 

1 

1 

V 

V 

1 

t 

s 

rt 

S: 

d 

o 

•3 

O 

a 

t: 
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*0 

U 
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g 

§ 

1 

B 

ti 

u 

a 

e 

i 

u 


1 

a 

1 

o 

t 

■S 

g 

rt 

5= 

1 rt 
> 

I 

1 )-4 

s 

< 

I 9 

1 o 

rt 


Available energy of diet calculated bv standard method 



grams 

grams 

grams 

grams 

grams 

[rams 



graTns 


January 11 

268 

SIS 

34 

254 

1,482 



2,574 

2,689 

-115 

January 12 

724 

1,925 

34 

254 

2,132 


962 

2,937 


-157 

January 13 


1,923 

34 

254 

1,149 


967 

2,511 

2,116 

+395 

January 14 

368 

1,926 

34 

254 

1,334 

16 


2,582 

2,413 

+169 

January 15 


1,921 

34 

254 

1,461 


898 

2,616 




Available energ> of diet calculated from full heat ^ alue of food, stool and unne 


January 11 

268 


34 

259 

1,482 



2,579 

2 688 


January 12 

724 

1,925 

34 

259 

mm 


961 

2 942 


-151 

January 13 

tnif 

1,923 

34 

259 

1,149 


966 

2,516 

2,115 


January 14 

368 

1,926 

34 

259 

1,334 

16 

1,063 

2,587 

2,412 

+175 

January 15 

407 

1,921 

34 

259 

1,461 



2,621 


+113 


ture the predicted daily loss of weight would be 24 grams instead 
of 22 grams as m the former case 
The remainmg data needed to obtam the water exchange are shown 
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m table 5 With this information at hand, the values set forth in 
table 6 were secured Columns 1, 2, 3 and 4 show the amounts of 
the vanous increments that make up the available water (column 8) 
Columns 5, 6 and 7 are the separate items of outgomg water, brought 
together m column 9 Fmally column 10 shows how much water has 
been retained or lost by the organism during each 24 hours The 
table also shows the effect on water exchange of each of the two ways 
of calculatmg the heat value of the diet It is clear that the differences 
are not significant 

IV 

In order to estimate the degree of accuracy of this method for 
obtammg water exchange, a prediction of the water retention or loss 
for this same period has been made This was done by companng 
the actual change m weight with the theoretical loss of weight and 
assunung the difference to be water See table 7 In the upper 
section of the table, the calonc value of the diet is calculated by means 
of the usual heat values assigned to food In the lower section the 
calotic value of the diet is obtamed by subtracting the calories lost 
m unpe and stool from the full heat value of the diet It is noticeable 
that a marked discrepancy between the predicted and determined 
water balance exists on the last day, but by both methods of calcula- 
tion the agreement is surpnsmgly good for the other four days One 
may conclude from this comparison that the usual calonc lvalues 
assigned to food ate sulfiaently accurate to give excellent values for 
water balance The reason for the error on the last day is not evident, 
but it has been consistently noticed that on days when an unusually 
large stool was voided the largest errors m water balance have occurred. 
It should be pointed out, however, that the total error for the five 
days was 44 grams or a httle more than 8 grams per daj 

Table 8 gives a comparison between the predicted and determined 
water balance when the normal subject was receivmg a somewhat more 
compheated chet than the one just dealt with In addition to the 
milk mixture and sucrose he was gi\en bread, butter, bananas and 

'“The heat value of the stool calculated from detemunations of nitrogen, fat, 
ash and carbohj drate b\ difference, was 4 4 caioncs per gram of dr> weight This 
checks well with the sTjue 4 obtained bt theoxj calorimeter 
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grape-nuts Tks diet, like the one taken dunng the penod repre- 
sented by table 7, also contained more energy than the mamtenance 
requirement This penod followed one dunng which the subject 
was living imder the special conditions of the mvestigation except 
that he was allowed the “house diet ” The data for calculatmg the 
water balance of this penod will be found in table 1 of the appendix 
The water balance of a third penod of moderate ovemutntion is 
shown in table 9 The diet contained nulk, sucrose, bread, butter 

TABLE 7 


Comparison bclwcen predicted and dcieri\itned water balance based on data in table 6 


Date 

Change 
in subject’s 
weight 

Theoretical 

Joss 

Predicted 

Water bilonc 

Determined 

e 

Error 


trami 


iroms 

trams 

trams 

January 11 

-135 

22 

-113 

-115 

2 

January 12 

-175 

22 

-153 

-157 

4 

January 13 

-1-380 

22 

-f402 

-f39S 

7 

January 14 

-1-150 

22 

-fl72 

-1-169 

3 

January 15 

-f45 

22 

■4-67 


40 

Totals 

-1-375 

-1-399 


January 11 

-135 

24 

-111 

-109 

2 

January 12 

-175 

24 

-151 

-151 

0 

January 13 

-f380 

24 

-1-404 


3 

January 14 

-MSO 

24 

-M74 


1 

January 15 

+45 

24 

+09 

ISl 

44 

Totals 

-1-385 

+429 



Error for penod 44 


and bananas, but the “grape-nuts” were not used This period 
followed one of undemutntion dunng which there had apparently 
been a depletion of glycogen smee the fasting respiratory quotient 
had fallen to 0 72 from the earher level of 0 82 When the higher 
diet of this third penod of ovemutntion was taken by the subject, 
his quotient again rose to 0 82, indicating that he had replaced the 
glycogen destroyed m the preceding penod However, when calcu- 
lating the metabohe mixture used in compiling table 9, it was assumed 
that the extra calones of the diet were stored as fat It is instructive 
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to see how much difference m water exchange would be caused by 
using a metabolic mixture based on the assumption that all the extra 
calories were stored as glycogen The metabohc mixture m the first 
case was protein 66 grams, fat 76 grams, carbohydrate 270 grains 
In the second case it would be protein 66 grams, fat 88 grams, carbo- 
hydrate 243 grams The change m metabohc mixture would affect 
the water of oxidation, the insensible water and the preformed water 
Since the preformed water held by glycogen is not known, we have left 

TABLE 1 


Comparison bttcDtcn determined and predicted water balance tn ottmufrtiian 


D&te 1 

■ Oxacft lo 
lub^ a 
vdeht 


Water balance 

ku 

Predicted 

Dctexmloed 

Error 

IP2S 

ertms 

tnms 

(TdaU 

Xraat 

ram 

Noynnber 13 

-475 

22 1 

-453 

-433 

20 

November 14 

-175 

22 

-153 

-161 

3 

November IS 

-470 

22 

-448 

-402 

46 

November 16 

-MIS 

22 

+437 

•+423 

14 

November 17 

-1-85 

22 

+107 

+133 

26 ' 

November 18 

-20 

22 

+2 

-31 

33 

November 19 

-350 

22 

-328 

-275 

53 

November 20 

-P22S 

22 

+247 

+255 

8 

November 21 

-10 

22 

+12 

+7 

5 

November 22 

+190 

22 

+212 

+229 

17 

November 23 

-125 

22 

-103 

-106 

3 

Totals ^ 

-468 

-361 
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all of the preformed water out of the following calculation While 
this obviously fads to give a true statement of the water exchange, 
it does not affect the relationship between the predicted and deter- 
imned water balance This is true because the predicted loss of weight 
as ordmanly calculated mcludes the preformed water which also 
makes up part of the available water This fact comes out clearly 
when the two balances are compared by means of algebraic equations 

(1) Predicted water balance — (SoUdl -p Preformed Water) ± (Change in weight) 

(2) Determined water balance •• (Preformed water -p Dnnl. -p Food t\ater -p 

Oxidation water) — (Outgoing water) 
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If our predicted and determined balances are correct, then 

Predicted water balance = Determined water balance 


Therefore 

(Sobds + Preformed water) ± (Change in weight) ■= (Preformed water + Dnnk + food 
water + Owdation water) — (Outgoing water) 


Hence 

(Solids) ± (Change in weight) = (Dnnk + Pood water + Ondation water) - (Out- 
going water) 

TABLE 9 


Comparison between determined and predicted water balanci; when glycogen is being stored 


Date 

Change In 
subject’a 
might 

Theoretical 

loss 

Water balance 

Predicted 

Determined 

Error 

tm 

grams 


grams 

grams 

grams 

December 3 

-1-145 

mm 

+160 

+173 

13 

December 4 



+535 

+527 

8 

December 5 

-150 

-15 

-135 

-ns 

17 

December 6 


-15 

-35 

-7 

28 

December 7 

-25 

-15 

-10 

-26 

16 

December 8 


-15 

-65 

-52 

13 

Totals 

-497 

-450 



Error for penod 47 


A detailed statement of the water exchange for the penod under 
consideration, showing the effect of each metabohe rmxture, will be 
found in table 10 Consideration of table 10 brings out several 
points of mterest (1) If one is trying to account for the difference 
between the actual weight of an individual and what he would be 
expected to weigh as the result of any given diet, the discrepancy, 
due to retention or loss of water, may be deterrmned as successfully 
when preformed water is left out of the account as when it is included 












TABLE 10 
IVa/er acfiange 

\\Ticn tbcextni caJoncsof the dictate stored aa fat and the metabolic mKture is protein 66 grams fat76gwun3, carbohydrate 270grama 
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water is not included In either the available water or m the predicted loss of weight. 
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This IS demonstrated in figure 1, which represents that penod“ m 
the study of the normal subject, when the preformed water was the 
largest, namely 65 grams daily The sohd hne (^) is the predicted 
weight when the predicted loss is only the weight of pro tern and fat 
destroyed, and the broken Ime (B) is the predicted weight when the 



" Fig 1 

C, actual weight of subject B--, and B x\, predicted and corrected weight 
obtained in usual wav A — , and A o o, predicted and corrected weight when no 
preformed water is included in the calculation 

predicted loss of weight includes the preformed water m addition to 
the protein and fat The arcles and crosses indicate the subject’s 
real weight (C) corrected each day by adding or subtractmg the 
amount of water that had been held or lost by the subject But in 

Not the same period as used for Table 10 It was the first period of under- 
nutntion and immediately preceded that presented in table 10 


I 
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the case of the corrections represented by the arcles, the water 
balances used to make the corrections were the differences betweqn 
the outgoing water and the available water when the latter did not 
include the preformed water Hence both the predicted loss of 
weight (d) and the water balance are reduced to the same degree 
This corrected weight is as close to the predicted weight when pre- 
formed water is not considered as when it is The difference between 
the determmed and predicted water balance is, m each case, 46 grams 
for the whole penod of 8 days 


TABLE 11 


Conpariton betvetn prtdxded and dgtarmitcd yoaUr hdanct xn undemutriiion 


BtU 

Chinge In 
rublect'i 
wagfat 


Water babnre 

km 

1 

PrtiJIcted 

Determined 

Enor 

1929 

gmiu 

tfns 


gfOM 

tTtWU 

January 16 

-525 

100 

-425 

, -404 

21 

January 17 

-25 

too 

+75 

+78 

3 

January 18 

-235 

too 

-135 

-135 

0 

January 19 

-235 

100 

-135 

-138 

3 

January 20 

-30 

100 

+70 

+(54 

6 

January 21 

-235 

100 

-135 

-124 

11 

January 22 

-175 

100 

-75 

-76 

1 

January 23 

+45 

100 

+145 

+129 

16 

January 24 

-330 ! 

too 1 

-230 

-214 

16 

January 25 

-250 

100 

-150 

-166 

16 

Totolf 

-985 

-966 
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(2) It IS also desirable to realize that the errors m water balances 
found m table 10 are largely attnbutable to something other than an 
incorrect statement of the metabohc murtures, smce the errors between 
the predicted and determined balances are essentially the same even 
though the fat and carbohydrate values of the two metabohc 
mixtures are different. 

The penod represented in figure 1, was the first penod of under- 
nutntion m which water exchange wai studied The data will be 
found in table 3 of the appenchx That the underfeeding caused 
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destruction of glycogen is clearly indicated by the fall of ten pomts 
in the respiratory quotient It was, however, assumed, when con- 
structing the metabohc mixture, that all of the endogenous calones 
came from protein and fat The water balance thus obtamed indi- 
cates that the organism lost 695 grams of water during the first two 
days Most of this water was presumably released by the destruction 
of glycogen If the latter has the same hydrophyhc coeffiaent as 
protem, the water loss would indicate that about 200 grams of glycogen 
had been destroyed 

The next penod, like the one represented by figure 1, also shows 
the effect of the first days of undernutntion with a probable destruc- 
tion of glycogen It also followed an mterval during which the subject 


TABLE 12 

Comparison of three periods of undernutniton in uihich carboh\drale in diet differed 


Fenod 

Date 1 

1 

1 

Protein | 

Fat 

Carbo 

h>'tlratc 

Diet 

calonea 

Total 

nitrogen 

out 

Heat 
produc 1 
Uoo ! 

Avenge 

fasting 

RQ 


t 

irams 


trains 

calorics 

trams 

calories 
24 hours 


A 

November 25- 

60 

44 

126 

1,185 

12 56 

2,000 

0 73 


December 2 





1 




January 16-26 

63 

26 

148 

1,078 

11 1 

1,746 

0 76 

C 

1 'tccmbcr9-24 

1 1 

1 

1 22 

178 

1 1,138 

10 55 

1 1,813 

0 77 


was 1 
rat 
i>76 

f0ond itt 
4 of the 
predicted 
. Tao»Uowan<^ 

It will be 
the diet 
■ssed 
'y low 
peril 
- condi 


n the requirement for mamtenance The re- 
0 83 dunng the mamtenance penod to 
as not included m the metabohc 
ove The water balance wiU be 
to are brought together m table 
L een the deterrmned and 
the ten days, even though 
' 'truction of glycogen 
flprrutntion durmg 
the two penods 
■hydrate was 
bum glycogen 
2 IVhile the 
three penods, 
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It 17111 be noted that m penod A in which the greatest calonc defiat 
ensts, the dietary carbohydrate is lowest This would imply the 
greatest demand upon the glycogen reserve In penod B and penod C 
the only significant difference is m the dietary carbohydrate This 
relationship between carbohydrate m the diet and the destruction 
of glycogen appears to be confirmed by the trend of the fasting respira- 
tory quotient 



Fio 2 Weight Curixs duiuno Three Pekiods or UNDERKUTEmon 

The steep initial fall in (^) suggests a large destruction of glycogen, whereas 
the relative smoothness oi (C) suggests that little or no glj cogen was dcstroved 
The small but definitely steep miUal fall in (B) suggests a condition Intermediate 
between (A) and (C) 

The rapid fall m weight in period A (fig 2) also indicates a consider- 
able destruction of glycogen whereas m penod C, the relatively smooth 
curve mdicates that there was no significant destruction of glycogen 
The weight curve in penod B suggests an mtermediate condibon 
in regard to glycogen 

The water balance of this third penod of undemutntion, when the 
dietarj carbohydrate was relativ elj high and httle or no glj cogen was 
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destroyed, will be found m table 13 The metabohc data for the penod 
are brought together in table 5 of the Appendix 
The water exchange dunng a fourth penod of undemutntion is 
presented next m table 14 Ten days before the beginning of this 
penod a low calory diet consisting soldy of nnlk and sugar was insti- 
tuted and continued without change It is probably true that the 

TABLE 13 


Comparison between predicted and determined water balance in iindernutntion 


Date 

- - 1 

Change in ; 
•ubject’a 
waght 

Theoretical 

Water balance 

loss 

Predicted 

Determined 

Error 

IfZS 

srams \ 

jrflmj 

jfromr 

trams 

trams 

December 9 

-165 

114 

-51 

-49 

2 

December 10 

-1-20 

114 

+134 

+156 

22 

December 11 

-260 

114 j 

-146 

-155 

9 

December 12 

-120 

114 

-6 

+6 

12 

December 13 

+110 

m 

+224 

+221 

3 

December 14 

-355 

114 

-241 1 

-227 

14 

December IS 

-165 

114 

-51 

-61 


December 16 

-170 

114 

-56 

-60 

4 

December 17 

-45 

114 

+69 

+66 

3 

December 18 

-105 

114 

+9 

+68 

59 

December 19 

±0 

114 

+114 

+104 

10 

December 20 

1 -230 

1 114 

1 -116 

1 -128 

1 12 

December 21 

-SO 

114 

+64 

+76 

12 

December 22 

-105 

114 

+9 

0 

9 

December 23 

-140 

114 

-26 

-33 

7 

December 24 

+130 


+244 

+243 

1 

Totals 

+174 

+227 



Error for period 53 graps 


destruction of glycogen had ceased before the penod began, and that 
all the endogenous calones came from protem and fat Since there 
was a falling heat production dunng this long penod, two metabohc 
mixtures were calculated 

The data needed to obtain the water exchange will be found m the 
Appendix, tables 6 and 7 The former is for the first metabohc 
mixture and the latter for the second mixtiue 
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We come now to the study of water exchange m patients We have 
selected from our senes what we consider to be an average example 
The subject was a girl aged fourteen years, of low mentahty, and who 

TABLE 11 


Comparison b^tveen predicted and determined wUer balance tn undernuiriiwn 


I>lt« 

ChmtB la 
KubM*! 
wofbt 

Tbeoretkai 

loss 

Wster balance 

PmUcted 

Betetmloed 

Error 

JW 

[romt 

enmr 

tram 

cram 

gram 

January 26 

+S0 

127 

+177 

+175 

1 

January 27 

-Its 

127 

+12 

+33 

21 

Januapf 28 

-28S 

127 

-158 

-147 

11 

January 29 

+2S 

127 

+152 

+139 

13 

January 30 

+15 

127 

+142 

+129 

13 

January 31 

+35 

127 

+162 

+ 175 

13 

February 1 

-270 

127 

-143 

-153 

10 

February 2 

-430 

127 

-303 

-293 

10 

Tptala 

+41 

+58 


February 3 

+285 

■1 

+382 

+369 

13 

February 4 

-225 

mm 

-128 

-105 

23 

February 5 

+65 


+162 

+149 

13 

February 6 

-125 

mm 

-28 

-41 

13 

February 7 

+115 

wM 

+212 

+198 

14 

rd)ruaiy 8 

-345 

97 

-248 

-201 

47 

February 9 

-150 

97 

-53 

-55 

2 

Februarj 10 

-90 

97 

+7 

-4 

11 

February 11 

-35 

97 

+62 

+48 

14 

February 12 

-350 

97 

-253 

-215 

38 

February 13 

+20 

97 

+117 

■Sen 

16 

February 14 

-5 

97 

+92 

+75 

17 

February 15 

-310 

97 

-213 

-176 

37 

Totals 

+103 

+143 


Grand Totals 

+149 

+201 



Error for penod 52 gnuni 


had an endoenne disturbance that had caused gigantism and preco- 
aous sexual development Her basal iiietabohc rate was about 
25 per cent below normal She did not cooperate well with us She 
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was fed a mixed diet of the type descnbed on page 163, and the water 
content of the food was accordmgly obtained by means of the duphcate 
diet as descnbed on page 163 The duphcate diet was analysed for 
mtrogen but not for fat or carbohydrate The food table values were 
used for the latter two The unne sohds were obtained by dessication 
m a partial vacuum over sulphunc acid We found this method much 
less satisfactory than the procedure of Shackell (1) 

The subject was allowed to be out of bed m a wheel chair several 
hours daily, but was not permitted to leave the room unless she was 
to be brought to the laboratory 

'V^Tien the penod was over it was found that the daily record of the 
insensible loss was unsatisfactory smce the heat production obtained 
from it was repeatedly less than the basal metabohc rate Upon 
looking back we recalled that the patient often sat m the wheel chair 
with bare legs in a room that, at tunes, was distmctly cool The small 
msensible loss was apparently caused by chilling the lower extrenuties 

In order to compensate for this error we proceeded as follows A 
few weeks after the penod just described had ended, the patient was 
stnctly confined to bed under contmuous guard Bathmg was 
ommitted Under these conditions the total heat production for 
three consecutive days was 1900, 1930, and 1930 calones A number 
of determinations of the basal metabohc rate, preceding and foUowmg 
this special interval of three days, gave an average of 1506 calones 
The total calones when the patient was continuously confined to bed 
were accordingly 27 per cent more than the basal calones Dunng 
the earher penod, when the msensible loss was irregular, twenty-one 
determinations of the basal metabohc rate gave an average of 1604 
calones for 24 hours If the total calones at this tune had been 27 
per cent greater, they would have been 2037 But smce the patient 
had been more active during those days we inferred that 100 calones 
should be added for such factors This gave us the final value of 
2137 as the total twenty-four hourly heat production 

Before presentmg the water balances for the long penod when 2137 
calones was assumed to be the average heat production, it is desirable 
to see what results were obtained dunng the speaal three day penod 
when the heat production was so uniform (See table 15 and 
Appendix, table 8 ) The large error of the second day was, as usual, 
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on a day when the patient had a very lai^e stool The considerable 
errors on the other two days are largely attributable to the com- 
phcated diet 

The water balances of the long period when the heat production 
was estimated to be 2137 calories for each twenty four hours, are 
presented m table 16 (The data will be found m table 9 of the 
Appendix ) 

In spite of the greater hkehhood of larger errors for the reasons 
given above, the results are fairly satisfactory From February 25th 
to March 12th the patient should have lost 2996 grams of weight. 


TABLE 15 

Water balance tn a patient conjined to bed but recttcini a compheated diei 


IHU 

Ounce ta 

Thcmtk&l 

sain 

Wftter baknee 

Predicted 

Determined 

Error 

ms 

(nm 

fraiu 

(74 Ml 

(74 BM 

{rami 

April 24 

-157 

7 

-154 

-134 

30 

April 25 

-555 

7 

-572 

-517 

55 

April 26 

-1-129 

7 

+122 


22 

Totals 

-614 

-551 



Error for period 63 grams 


but her weight fell only 10 grams dunng these sixteen days The 
predicted retention of water was 2886 grams and the data showed a 
retention of 2672 grams Accordingl}, in spite of the compheated 
diet and the doubt regarding the figure obtamed for heat production, 
the determined retention of water was only 7 per cent less than the 
prediction 

Followmg the large retention of water there was an excessive output 
of water Durmg the nine days from March 12 to March 21 the 
patient should have lost 1629 grams Since her weight fell 3995 
grams, the difference, 2366 grams, was the predicted water loss The 
deterrmned loss was 2266 grjims In this case the determined loss 
was only 4 per cent less than the prediction 
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TABLE 16 


IFo/er balatices when complxcaied diet tsfed and subject is up in a chair during the day 


Date 

Change in 
sabject’a 
weight 

Theoretical 

Water balance 
\ 

loss 

Predicted 

Dcterrauied 

Error 

iPZS 

gram 

m 

grams 

grams 

grams 

February 25 

0 

mSm 

+181 

+157 

24 

February 26 I 

-85 

mm 

+96 

+66 

30 

February 27 

-480 

181 

-299 

-249 

SO 

February 28 

+300 

181 

+481 

+448 

33 

February 29 

+280 

181 

+461 

+428 

33 

March 1 1 

-350 

181 

-169 

-144 

25 

March 2 

-230 

181 

-49 

-39 

10 

!March 3 

-no 

181 

+71 

+42 

29 

March 4 

+500 

181 

+681 

+650 

31 

!March 5 

-290 

181 

-109 

-48 

61 

March 6 

-no 

181 

+71 

+44 

27 

March 7 

+260 

181 

+441 

+396 

45 

March 8 

-360 

181 

-179 

-210 

31 

March 9 

+170 

181 1 

+351 

+338 

13 

March 10 

-225 

181 

-44 

-79 

35 

March 11 j 

+720 

181 

+901 

+872 

1 

29 

Totals 

+2,886 

+2,672 


March 12 

-665 

HI 

-484 

-411 

73 

March 13 

-90 

■ ■ 

+91 

+71 

20 

March 14 

-640 

181 

-459 

-434 

25 

March IS 

-300 

181 

-119 

-107 

12 

March 16 

-700 

181 

-519 

-486 

33 

March 17 

-195 

181 

-14 

-48 

34 

March 18 

-875 

181 

-694 

-673 

21 

March 19 ' 

-150 

181 

+31 

+13 

18 

March 20 

-380 

181 

-199 

-191 

7 

Totals 

-2,366 

-2,266 


Grand Totals 

+520 

+406 



Error for penod 114 grams 


V 

There remains now the discussion of the degree of accuracy of the 
water balance obtained by the above methods We have dealt 
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With this question by companng the predicted balance with the deter- 
mined balance This implies that the prediction is absolutely correct 
But the information at hand does not warrant such an assumption 
to its full extent, since the predicted balance is derived from the 

TABLE 17 


Error tn delermtnalion of voder hdonce 


s 

i 

a 

1 

h 



Dally error 



DtU 

Ifkiinul 


] 

i 


< 

Notes 



from 

trtms 

1 

trams 

trdRW 


1 

January 26- 
Fcbruary IS 

47 

2 

17 

2 5 

Diet completely anolyaed Under 
nutrition No destruction of 
glycogen 

2 

December 9-24 

57 

1 ^ 
1 


12 

3 3 

Diet completely analysed Under 
nutrition Little or no destruction 
of glycogen 

3 

January 16-25 

21 

0 

9 

1 9 

Diet completely analysed- Under 
nutntion- Moderate destruction 
of glycogen 

4 

November 25- 
December 2 

37 

A 

1 ! 

1 

12 

5 7 

Diet completely analysed Under 
nutntion Much glycogen de- 
stroyed 

5 

December 3-8 

28 

8 

16 

7 8 

Diet completely analysed- Ovtmu 
trition Much glycogen stored 

6 

November 15-23 

53 


1 

21 

9 7 

Diet completely analysed Ovemu 
trition No data regarding glycogen 

7 

January 11-15 

40 

2 


11 1 

4 8 

Diet completely analysed- Ovemu 
trition- No data regarding gly 
cogen 

8 

April 24-26 

55 

22 

36 

21 0 

Only nitrogen of diet detennined- 
Duplicate diet used- Ovemutri 
tion- Period only three days 

9 

February 25- 
March 20 

73 

1 


1 

Only nitrogen of diet determined 
Duplicate diet used, Undemutri 
tion. Small destruction of gl> 
cogen 


raetabohc mixture and it usually is not possible to avoid small mac- 
curaaes m the latter Accordmglj the error, as the term is used m 
table 17, is not a final measure of the method, but is an approxima 
tion, approaching nearest to the truth when the statement of the 
metabolic mixture is most nearly correct 
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In penod 1 of table 17, the conditions were most smtable for obtain- 
ing a satisfactory statement of the matenals burned The values 
for penod 1 may, therefore, be accepted as the probable error of 
the method 

The conditions for period 2 are only slightly different from those 
of penod 1 , so that the error is nearly the same 

It will be seen that the average error is only about 15 grams per 
day, but that a mistake of 50 grams may occur on any smgle day 
Since the water that the subject had to deal with from day to day 
was about 2100 grams, the average error made m accountmg for it 
was less than 1 per cent, and, what is more important, the maximal 
error was less than 3 per cent 

Interestingly the errors for penods 3 and 4, when the metabohc 
mixture cannot be correct because it does not include the glycogen 
that was destroyed, are no greater Likewise, in the three penods 
of overnutrition, penods 5, 6 and 7 in the table, when the same doubt 
exists regarding glycogen, the error is of only shghtly greater magm- 
tude than in period 1 

The two periods 8 and 9, when the conditions were not so simple 
nor so satisfactory, gave results that are better than antiapated 
The last column of table 17 deals with the error in water balance 
for whole penods, expressed m 24 hourly amounts This is not the 
same as the average error, smce the daily differences tend to counter- 
act each each other and so reduce the discrepancy The error m 
determming the water balance for the period was always less than 

0 5 per cent of the water to be dealt with, except in period 8 where 
the penod is too short to be of much value m this regard 
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Bread 


Percent 

38 2 
37 9 
41 3 

39 9 

40 3 

39 7 
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40 5 

Total 

trams 

102 

100 

100 

100 

100 

101 

101 

100 


NVater 

wooopooopoooococo 

^COOOOOOOOOOOOOOQ 1 
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crams 
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TABLE 4 

Normal snbjeti Undemutnllon January 16-25 lif2P 
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Ifl 

celcrits 

1 880 
1,760 

1 700 

1 700 

1 745 

1 730 
1,080 
1,760 
1,610 

1 760 

1 

J 

Iss&siassisss 

Stool 

•5 

t 

fc -H -4 ^ w 

3 

S r^«i4r>.>4'0r40-00>0 
gOO^OCS 'O ^ lO 

1 

2 
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1 
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January 16 

January 17 

January 18 

January 19 

January 20 

January 21 

January 22 

January 23 

January 24 

January 25 

January 26 



E " 
^ !? 

s| 

Q CO 


ilctabolk mixture Proteiu 69 grams, fat 24 gnuns, carbohydrate 148 
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Heat 

produc 

tion 

calories 

1,870 

1,880 

1,930 

1,880 

1,760 

1,760 

1,690 

1,730 

1,730 

1,900 

1,740 

1,890 

1,850 

2,115 

1,860 

1,840 

Insen 

sible 

loss 

irami 

1,077 

1,086 

1,138 

1,087 

995 

994 

939 

973 

970 

1,107 

977 

1,098 

1,063 

1,276 

1,074 

1,058 

Stool 

•3 

o 

05 

5 

k. CN VO f*Nj 

Total 

5 OOOgJOM 000^000000 

g 0% lO IT) C>J w-H 

c ro rH 

t> 

a 

t§ 


crams 

9 49 
10 25 
9 82 
10 47 
10 38 
10 65 
9 09 
10 58 
10 44 
9 90 
9 66 
10 32 
10 45 
10 70 
9 85 
9 94 

-3 

& 

crams 

37 6 

37 1 
36 5 

38 0 

36 4 

37 4 

34 4 
37 6 
37 7 

35 1 
34 4 
30 9 
32 8 
32 9 
37 7 
37 0 

Total 

crams 

852 

1,146 

1,202 

913 

1,150 

1,208 

1,176 

1,229 

1,212 

957 

1,016 

906 

789 

855 

718 

644 

Sugar 

jrflmi 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

39 

40 

41 

40 

Butter 

1 ^^^ooooooooooo^o 

2 ▼"I 

Bread 

Water 

^ >OOt~eOOOMOvfO«r>OCOOO>OTl<t~ 
w P'i^t'-ooo'— <D'pOv»-it^O'r^00p'O 

Total 

a O^OnOOOOOCvOOO'OOvOCO 

Milk 

Water 

ptrcenl 

90 5 
90 0 

89 9 

90 0 
90 3 
90 1 
90 1 

89 9 

90 1 
90 0 
90 1 
90 0 

89 8 

90 1 
90 0 
90 6 

Total 

trams 

1.397 
1,400 
1,399 

1.399 

1.403 

1.402 

1.404 

1.403 

1.400 
1,399 
1,396 

1.401 

1.399 

1.400 
1,403 

1.398 

Water 

crams 

187 

761 

502 

353 

673 

316 

366 

450 

558 

704 

417 

194 

335 

448 

67 

255 

Weight 

subject 
, S <0 
2uni. 

crams 

61,455 

61,290 

61,310 

61,050 

60,930 

61,040 

60,689 

60,520 

60,350 

60,305 

60,200 

60,200 

59,970 

59,920 

59,815 

59,675 

59,805 

Date 

ms 

December 9 

December 10 

December 11 

December 12 

December 13 

December 14 

December 15 

December 16 

December 17 

December 18 

December 19 

December 20 

December 21 

December 22 

December 23 

December 24 

December 25 


Diet Protein 57 grams, fat 22 grams, carbohydrate 178 grains 
Stool N Average per day 0 43 gram 

Metabohc mixture Protein 66 grams, fat 93 grams, carbohydrate 178 


TABLE 6 
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THE NATURE OF OBESITY' » 

L H. NEWBURGH akd MARGARET WOODWELL JOHNSTON 

{From the DepcrimtTtt of Internal iledietne, Medical School Umversiiy of MieJtiianf 

inn Arbor) 

(Received for publication Aprfl 22, 1929) 

The medical profession in general, beheves that there are two kinds 
of obese persons — those who have become fat because they overeat 
or under-exerase, and those composing a second group whose adiposity 
IS not closely related to diet, but is caused by an endoerme or constitu- 
tional abnormality 

The first apparently saentific support of the hypothesis that obesity 
was often of endogenous ongm, came with the findmg that some obese 
persons had an abnormally low basal metabohe rate, on the basis of 
body weight When, however, it was shown that the expenditure of 
energy is proportional to the surface area and not the weight, it was 
found that most such persons have a normal basal metabolic rate 
However, it is true that there remains a small group of fatpeoplewhose 
basal rate is defimtely low 

Later writers mamtamed that a common cause of endogenous obes- 
ity was to be found m a lessened speafic dynamic response to food. 
But the mcrease in metabohe rate caused by food is relatively small, 
so that a method possessed of a high degree of accuracy is needed 
m order to deal quantitatively with this phenomenon Our prolonged 
study of this question has convinced us that the inherent error in the 
method to date, when it is apphed to the human subject, is such that it 
precludes the possibihty of making quantitative statements regarding 
the specific djmamic response to food in man 

Other wnters have attributed endogenous obesity to a constitutional 
anomaly of the cells which somehow loners the rate of mtracellular 
oxidabons 

' Address delivered bclore the Amencon College of Physicians 
Aided by a grant from The Fellowship Corporation 
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But even if there were a group of obese people who possessed all these 
metabohc faults, we would still be without an adequate explanation 
for the occurrence of the adiposity For 1— many persons of normal 
stature show -abnormally low metabohc rates For example, the 
average of a number of determinations in a middle aged woman under 
our care, who weighs 130 pounds, is 40 per cent below normal A tall, 



Fig 1 Response of an Obese Subject to Undernutrition 
The diet in the first penod is at the maintenance level In the second period, 
no weght is lost for eleven consecutive days even though the diet is deficient to the 
extent of 800 calories dady 

slight young man regularly has a basal metabohc rate which is 25 per 
cent below normal Myxedematous patients may lose weight 2 — 
The same wnters who attnbute endogenous obesity to a lessened spe- 
cific response to food, describe other forms of pituitary disease charac- 
terized by the small increase in metabohc rate due to food, but without 
adiposity 3— On the other hand the well known fall in basal meta- 
bohc rate caused by undemutntion in the normal subject, often fails to 
occur in the type of obesity under consideration (l),and further, it has 
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recently been established that the obese subject uses more energy to 
perform a given piece of work than does the normal person (2) 

These considerations lead to the conclusion that the fundamental 
cause of endogenous obesity is not to be found m some type of metabo- 
hc abberation, but rather, that these mdividuals, m common with all 
obese persons, are the victims of a perverted appetite In normal 
people there is a mechanism that mamtams an accurate balance be- 
tween the outgo and the mcome of energj' AU obese persons are, 
alike m one fundamental respect, — they hterally overeat 

Regardless of any theoretical consideration, it is a fact that obese 
persons may fail to lose weight for a number of days when they are 
bemg undernourished We have repeatedly recorded this striking 
phenomenon For example, figure 1 is a portion of the weight 
record of a girl who weighed 231 lbs Dunng the first penod she 
received her maintenance calones In the second penod, when she 
was denvmg 800 calones a day from her body, she lost no weight for 
eleven consecutive days It is this startimg fact that is bebmd the 
search for some hidden metabohc fault inherent in these subjects W e 
likewise, have centered our attention upon this feature but have at- 
tempted Its explanation with a new pomt ol view In the past it has 
been customary to determine the basal metabohc rate and then guess 
how many additional calones were used durmg the twenty-four hours 
When a diet containmg less energy than the subject was thought to be 
using, was fed, the extra calones used by the subject but not contained 
m the diet, were assumed to anse from the oxidation of body fat, and 
the number of grams of fat required to make up the calonc defiat of 
the diet, formed the basis for the prediction of the amount of weight 
that the subject should lose 

We have considered such methods too maccurate Above all, 
it seemed necessary to have a means of getting an actual quantitative 
determination of the total outgoing calones Fortunately recent 
studies by Benedict and Root (3) have made such a method available 
for the basal state, and we haxe been able to adapt it to our speaal 
problem 

It was understood manv hundred vears ago that there was a con- 
stant exhalation of inxnsible matenal from the body Sanctonus 
(1614) made man> observations to determine the amount of this 
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“insensible perspiration ” The subject has been studied sporadically 
ever since, but Francis G Benedict and his collaborators were the first 
to pomt out that there is a quantitative relationship between the 
amount of weight lost by the body msensibly and the metabohc rate 
I They found that when a subject in the basal state is suspended from 
one arm of a dehcate balance, he loses weight at an even rate For 
example, a loss of 30 grams per hour corresponds to a metabohc rate of 
1405 calories per twenty-four hours We have been able to confirm 
this observation for the basal state, and further have found that the 


TABLE 1 

Detcrimmtion of total calories for 24 hours 


I 

n 


trams 


trams 

First body weight 

62,260 

Second body weight 

61,900 

Weight of food 

1,599 

Weight of unne 

1,157 

Weight of water 

CO 

Weight of stool 

0,000 


64,237 

63,057 

1 

63,057 


1,180 




1 , 180 grams is insensible loss for 24 hours 


■ = 49 2 grains insensible loss per hour 
or 

2 , 000 caJones for the 24-hour penod 


same prinaple may be apphed m the determmation of the total num- 
ber of calories lost m twenty-four hours If a subject is weighed at the 
beginnmg and end of a twenty-four hour penod and if the weight of 
food and dnnk are added to the first body weight, and the weight of 
the unne and stool are added to the second body weight, the difference 
between the first and second sums is the insensible loss for twenty-four 
hours From this figure the loss of weight per hour is obtamed and 
finally, by means of Benedict's prediction table, the total calories for 
the penod ® 

* We have discussed the sources of error and indicated the high degree of ac- 
curacy obtainable by this method m another pubhcation (4) 
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Tor the sake of dan^v the figures used to detcnnme the total (iilones 
for a single twenty-four hour penod are reproduced m table 1 

Of equal unportance with a method for deterimnmg the energy used 
by an individual, is an acurate knowedge of the response by a normal 
person to undemutntion May he pierhaps also fail to lose weight m 
accord with the expectabon? 

Fortunatdy we have been able to obtain this information by means 
of one of the laboratorv staff who acted as the subject His coopera- 
tion was perfect at aU times and his absolute honesty is beyond 
question < Briefly, the man remained in bed, except when he stepped 
from it to the adjommg scale to be weighed or to the commode, a few 
feet away, to void or defecate mto the speaal receptades provided, or 
to place himself on a wheel chair by means of which he was moved to 
the labotatorj where the basal metabohc rate was determmed His 
diet consisted solely of rmlk, sugar and water His mtake of these 
materials was wughed to one tenth of a gram and a sample of the milk 
was analysed for water content, nitrogen, fat, ash and carbohydrate 
The excreta were similarly weighed and analj sed We accordmgly 
had the following data to deal with 

(1) The subject's weight within 5 grains tvtry morning at 8 40 

(2) The weight ol food and drink 

(3) The weight of the urine and stool 

(4) The precise composition of the diet 

(5) The total outgoing nitrogen, total unnary solids, the amount of fat and 

carbohydrate in the stool 

This permitted us to calculate 

(1) The twentj four hourlj insensible loss of weight from which we derived 

the total outgoing calorics for each twenty four hours 

(2) The calorics of the diet 

(3) The calones domed from the bodv to make up the difference between the 

ingoing and outgoing calories 

• (4) The total amount of protein burned (total N out X (>25) 

(5) The protein loss from the bod> b> substraction of the dictarj protein 

from total protem burned. 


^ Space will not be taken here for a complete desenption of this studv, the 
details of which are published elsewhere (5) 


THc jouK'^iL or cuiacAi. i)fTX«na*Tiox tou vin xo 3 
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(6) The nietabohc mixture, that is, the materials oxidized each twenty-four 

hours This consisted of the total protem burned, plus the carbohy- 
drate' of the diet, plus the amount of fat that would furnish the calones 
used by the subject, not contamed m the protem and carbohydrate 
oxidized 

(7) The predicted loss of weight The difference between the protem of the 

diet and that of the metabohc mixture and between the fat of the diet 
and that of the metabohc mixture, give the weight of the protem and 
fat lost by the body Each of these substances has water physically 



Da>i 1 23 4 S 

Fig 2 Response of a Normal Subject to Underntjtrition 
He gamed 115 grams in 5 days instead of losing 475 grams 


attached to it which is released and free to leave the body when they 
are oxidized Protein is considered to hold 300 per cent and fat 10 
per cent of its weight as “preformed water ” The predicted loss of 
weight IS then the sura of the weights of the protem and fat destroyed 
and the preformed water 

In figure 2 a short jxirtion of our study of the normal subject is 
represented graphically The diet consisted of protein 63 grams, fat 

® Permissible because in undernutrition, all the carbohydrate of the diet is used 
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26 grams, and carbohydrate 148 grams, and contamed 1078 calories 
The total calories used by the subject averaged 1688 for each twenty- 
four hour penod The metabohc mixture burned to furmsh that 
amount of energy was protem 69 grains, fat 91 grams, carbohydrate 
148 grams, and the destruction of body protem and fat were conse- 
quently, 6 grams and 65 grams respectively The weight of the pro- 
tem plus the water held by it (300 per cent) and of the fat and its water 



Fig 3 Response of an Obese Sudjeci to Undeknotjcition 
The raamtcncmce of weight in the thirci penod is cmntrasted with the expected 
loss of weight in the second penod 

(10 per cent) was 95 grams The subject would accordmgly be ex- 
pected to lose 95 grams dally This predicted loss of weight is repre- 
sented m figure 2 by the broken hne His actual weight is indicated 
by the solid hne It is evident that he gamed weight for five days 
Smce the mitial weight was 56,815 grams, he should at the end of five 
da>s have weighed 56,340 grams but he did, in fact, weigh 56,930 
grams, that is he had gained 115 grams and weighed 590 grams more 
than the prediction Here then is the production m a normal subject 
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of the very phenomenon whose occurrence m obese individuals had, 
the minds of earher wnters, marked such persons as the victims of 
some endocrine or other constitutional dyscrasia 

Since a normal man may gain instead of losing weight even though 
he takes m less energy than he uses, it is dear that this event can no 
longer be held to give any specific information about the nature of the 
obesity 

As further evidence of the nonspeafic character of this paradoxical 
conduct of the weight, figure 3 is presented The patient whose re- 
sponse to undernutrition is here recorded was a woman of 26 years who 
freely admitted that she had been overeating for a long time and that 
she sought our help in breaking what she herself recognized as a bad 
habit Except for obesity she presented no abnormalities Her basal 
metabohc rate was normal 

Three consecutive periods are reproduced in figure 3 Dunng the 
first one she received a maintenance diet The second one is the 
record of a simple loss of weight due to undemutntion which adheres 
dosely to the expectation But this is abruptly followed in the third 
penod by maintenance of weight for 9 days even though undemutn- 
tion IS stiU in effect Here then we have in a single obese subject, 
first a loss of weight charactenstic of (so-called) simple obesity, and 
shortly thereafter the failure to lose weight, that, by contrast, has 
been dignified as a pathognomonic sign of endogenous obesity 

It is a relatively simple matter to cause either vanety of weight 
curve If it IS desired to have the subject, whether normal or obese, 
lose weight regularly day after day, he is fed a diet whose calorific 
value is less than the energy used by him, but contaimng an abundance 
of carbohydrate When the intention is to obtain a plateau m the 
weight curve, a diet is fed that not only yields less than the mamten- 
ance calones but is also poor m carbohydrate This restriction of the 
dietary carbohydrate will cause the organism to deplete its store of 
liver glycogen and will inevitably cause a rapid loss of weight When 
a balance has been reached between the exogenous and endogenous 
carbohydrate, the destruction of glycogen diminishes, and, at this 
tune the subject may abruptly stop losing weight or maj^ even gam for 
some days 

When an individual is undernounshed, the shape of the weight 
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curve IS determined by the quality of the diet, and is m no sense depen- 
dent upon the constitutional or cndocnnal state of the individual 
The ability of an individual to mamtam his weight when the condi- 
tions are such that a continuous loss of adipose tissue is expected, has 
been interpreted bj some observers as evidence that such persons 
are endowed with a speaal tjqie of metabohsm which, seemingly, is not 
constrained to obey the law of the conservation of energy It is how- 
ever, not necessary to go so far afield for an answer to what, on the sur- 
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Tio 4 UnDERNunirnoN A Plateau in the Whoht Curve Is Followed bv 
AN Excessu'e Loss or Weiout 


face appears to be a hopelessly mvoHed set of phenomena If the 
condibons that have caused a plateau in the weight curve be con 
tinned it will be observ ed after a few more daya that an abrupt down- 
ward inclination m the curve has taken place and that the individual is 
now losing w eight at a much more rapid rate than can be accounted 
for by destruction of body tissue This excessive loss of w eight con 
tinues until the total loss calculated from the beginning of the plateau 
approximately equals the predicted loss due to the oxidation of body 
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tissue Figure 4 is a typical example of this phenomenon. The 
patient was a young woman who weighed 275 pounds when admitted 
to the hospital She had abasalmetabohc rate of 2100 calones The 
diet yielded 1600 calones 

This departure from the simple straight hne loss of weight might he 
caused by alternate hydration and dehydration of the body accom- 
panying the steady destruction of tissue in amounts that adhere closely 
to the prediction We have accordmgly earned out a quantitative 
study of the water exchange in a number of o^ese persons and m our 
normal subject On one side of the equation is all the water which 


TABLE 2 

Dclcrmiualion of water lost insensibly 


I 

\ 

n 


crams 


grams 

First weight 

57,790 

Second weight 

57,840 

Weight of food 

2,041 

Weight of unne 

1,108 

Weight of rs-ater 

75 

Weight of stool 

0,000 

Weight of oxygen 

570 

Weight of COj 

628 


60,476 


59,576 


60,476 

59,576 

900 Water lost insensibly 


becomes physically free dunng the penod and must therefore be dealt 
with by the organism For convemence we have called this the "avail- 
able water ” On the other side is aU of the water lost from the body 
durmg the penod ® 

The available water is the sum of the (1) water drurik: as such, (2) 
the water content of the food, (3) the water made by oxidizing the 
hydrogen of the metabohe nnxture, (4) the preformed water which 
IS water held by the body tissues and released when they are destroyed 
to supply energy The water that leaves the body is the sum of the (1) 
water of the unne, (2) water of the stool, (3) water lost insensibly from 
lungs and skin This last can only be determmed by difference 

' This subject is dealt with only in outhne in this paper For technical and 
other details the reader is referred to our special publication (5) 
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The method is as follows To the weight of the subject at the begin' 
ning of the period is added the weight of food and dnnk and 
the weight of the oivgen added to the body for the combustion 
of the metabohc mixture From this sum is subtracted the 
sum of the weight of the subject at the end of the period, plus 


TABLE J 
Water exchante 


ArtQable mt«r 



■W»terlo*t 


Dnmk 

tr*m* 

75 

In unne 


XrafM 

1,069 

In food 

1 799 

In atool 


0 000 

Preformed 

41 

Inactuably 


900 

By oxidation 

229 

2,144 



i,969 


2,144 
1 969 

175 Water retained 


TABLE 4 


Actxnl 


1 Tredlded 


Change in weight 


truw 


trtm 

Pint body weight 

57 790 

Bodyprotem plus preformed water 

44 

Second body weight 

57 840 

Body fat plus preformed water 

_85 

Gala 

50 

Loss 

129 

Retention of water 


fra Mil 


frcMU 

(From anal> tical data) 

175 

Predicted loss of weight 

129 


1 

Real gain In weight 

50 


1 


179 


the weights of the unne, stool and the carbon-dioxide exhaled 
The calculation of the weight of the insensible water from the data 
for a single twenty-four hour penod will be found m table 2 
In table 3 the calculation of the total water exchange for the same 
twent) -four hours is given 
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On this day when the subject retained 175 grams of water, the inflow 
and outflow of energy was such that he should have oxidized body tis- 
sues, which together with the water physically held by them, weighed 
129 grams In spite of this, the body weights recorded, show a gam 
of 50 grams To account for this gam m terms of water, he should 
have retained 179 grams From our calculations were found a reten- 
tion of 175 grams (table 4) 



Fig 5 Normal Subject During Undernutrition 
When the actual daily weight is corrected bv tlie amount of water retained or 
lost the resultant (mdicated by circles) has the same value as the predicted weight 


These studies have brought out the fact that the body weight is 
the combined result of two processes which may act m the same direc- 
tion or be opposed to each other On the one hand there may be either 
an addition to the body or a loss from it of sohd matenal, determmed 
by the relation between ingoing and outgoing calories On the other 
hand, and independent of it, a retention or loss of water may occur 
Accordmgly, when it is desired to use clianges m body weight as a 
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measure ot the amount of body tissue destroyed to make up the caloric 
defiat of a diet, it is necessary to correct the actual body weight 
bj the weight of the water added to or lost from the body 
We have m this manner corrected the day today weights of anumber 
of persons in the state of undcmutntion Vanous types of obese 
persons as recorded in the htcrature were included, that is, an mdivid- 
ual physically normal except for adiposity who frankly admitted years 
of gluttony , a feeble minded girl with an abnormally low basal meta- 
bolic rate, a girl with pitmtary disease and a basal rate 30 per cent 

TABLE 5 

Diet (by anal}^^) Protein 63 Fflt 26 Carbohydrate 148 Calories 1079 

Calonea used each 24 hours 1818 

Total N out (24 hours) 11 8 grama 

Metabolic mixture Protein 74, Fat 103, Carboh>drate 148 

From body (dally) Protcui 11, Fat 77 Water 41 
Predicted low (daily) 129 grams 

Loss Jor period (S days) 

P%MS 


Predicted 1032 

Actual 

DlSerence 57 

Retention of ireter 

tram 

Predicted 57 

Actual 58 


below normal, a middle aged woman, whose weight had reached 29S 
pounds, following an operation upon the hypophysis eight years 
earlier, a young woman suffenng from "Dercum’s” disease, a middle 
aged woman, five feet two inches tall, whose weight had reached 420 
pounds 

We found that departures from the predicted weight were always 
accounted for b> storage or loss of water Our data permit the con- 
clusion that obese individuals oxidize body tissues in amounts pre- 
ascly required to make up the calonc defiat of the diet 

The application of this pnnaple to the undemounshed normal sub- 
ject 13 shown m figure 5 The broken line represents the predicted loss 
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of weight, the sohd line the actual weight, and the ardes the body 
weight corrected each day by adding or subtracting the weight of water 
retained or lost during the preceding twenty-four hours The diagram 
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Fig 6 Obese Subject (Disease op Hypophysis) Dueing Undernutrition 
Actual daily weight corrected for retention or loss of water The resulting 
figures show that the patient lost tissue in accord with the prediction 

makes it clear that the weight of the normal subject may be far from 
the expectation, but that the difference is solely due to water 
The data from which figure 5 was constructed are stated in table 5 
Figure 6 shows how misleading the actual weights of an obese subject 
who IS being imdernourished may be and how the correction of such 
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weights for the aberrations of water cause them to correspond closely 
with those justified by the metabohc data (table 6) 

The patient was a girl fourteen years of age who, as far back as she 
could remember, had been taller and fatter than the girls of her age 
Her progress m school had always been slow and she had repeated 
many of the grades Her appetite had always been excellent and she 
freely admitted chronic overeating She did not enjoy physical activ- 
ity but preferred sittmg quietly without occupabon Menstruation 
had begun when she was ten years old and had been regular ever smce 

TABLE 6 

Diet Protein 65, Fat 40 Carbohydrate 74 Calomes 914 

Total N out (dofly) 117 grama 

Calonea used each 24 hour* 2137 

Metabolic nuitarc Protein 73, Fat 172 Carbohj*diatc 74 

Troin body (dally) Protein 9, Fat 132, Water 40 


Period A Plateau 


Loii o( vdiht 

1 Rete&doa of mter 



mrnt I 


from 

Predicted 


2 8901 

Predicted 

2,8S6 

Actual 


lo' 

Actual 

2 672 


Period B Steep fall 


LoMofvcfflit 1 

1 Lou oI wat«T 


[IB 

[li 

Predicted 

Actual 


tmu 

2 66 
2 266 


She was six feet one inch tall and weighed 244 pounds when admitted 
to the hospital Her tongue was exceptionally thick and broad 
Therewas a luxuriant growth of axillary and pubic hair and the breasts 
were large The basal metabohc rate was about 25 per cent below 
normal 

CONCLXJSION 

Our evidence leads to the generalization that obesity is always 
caused by an infiots of energy that is greater than the outflow 
Obese persons may be divided into two groups The first group is 
b> far the larger and in them the laying on of fat is the outcome of a 
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perverted habit The normal person unconsaously provides his body 
with stores of energy that accurately replace his energy losses He 
possesses a mechanism that notifies him when he has eaten enough 
At that point his desire for food ceases abruptly The obese members 
of the first group, through long training, have come to reqmre stnnuli 
of greater intensity before they feel satisfied, or else they dehberately 
disregard the warning in order to continue a httle longer the pleasures 
that come with eating Some persons have succeeded m dulhng the 
acuity of the sensations concerned by following the example of their 
overfed elders or, in fact, have been dehberately trained to overeat by 
their parents Such persons are said to be suffermg from hereditary 
obesity — ^a palpable fallacy In other persons the combination of 
weak will and a pleasure seeking outlook upon hfe, lays the background 
for the condition The mental make-up of these people resembles 
that of the chrome alcoholics 

In the second group are those persons who in the past have accu- 
rately met their energy reqmrements by taking in just the nght amount 
of food, but who have entered a new state m which the utihaation of 
energy is less than formerly The estabhshed habit of providmg the 
body with a fixed number of calories continues even though the re- 
qmrements have fallen The lessened outflow of energy has many 
causes They may be thought of under two headmgs (1) The basal 
metabohe rate remains normal but the total calones used are lessened 
because of advancing years, the acqmsition of worldly goods, change of 
occupation, etc (2) The basal rate becomes abnormally low as the 
result of myxedma or other diseases of the endoerme glands In 
these persons there is also a dimmution of general activity However, 
adiposity does not invariably develop m this second class It occurs 
commonly under these arcumstances because the firmly estabhshed 
habit that for many years had supplied the ideal amount of energy does 
not change easily 

In conclusion we wush to commit ourselves to the statement that 
obesity is never directly caused by abnormal metabohsm but that it is 
always due to food habits not adjusted to the metabohe requirement 
either the ingestion of more food than is normally needed or the failure 
to reduce the intake m response to a lowered requirement 
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A CASE OF OSTEITIS FIBROSA CYSTICA (OSTEOMALACIA?) 

WITH EVIDENCE OF HYPERACTIVITY OF THE PARA- 
THYROID BODIES METABOLIC STUDY I‘ 

By R. R, HANNON E SHORR, W S McCLELLAN asd E F DoBOIS 

{From the Russdl Saie InitUitie of Pathology in aJUtalion with the Second Medical {Cornell) 
DiTtslon of Believite Hospital, Neio 1 ork) 

(Received for pablicallon July 15 10291 

The history, general discussion and outstanding features of osteitis 
fibrosa cystica may be found in any sjrstem of medicme (1, 2) The 
mineral metabolism of osteitis fibrosa cystica and related diseases, 
such as osteomalaaa and rickets, where there is a disturbance m the 
physiology of inorganic salt deposit has received much attention 
recently 

In January 1926, a patient showing evidence of marked bone 
absorption with little replacement of calaum was admitted to B ellevue 
Hospital Extensive studies of this rare condition were made m the 
metabolism wards of the Russell Sage Institute of Pathology, New 
York, and of the Massachusetts General Hospital, Boston This 
article will present a clinical r6sum6 of the case with the various find- 
mgs of the first penod of observation 

CASE REPORT 

History The patient Charles M , age 30, was admitted to Bellevue Hospital 
January IS, 1926 Ho was a master manner m the merchant marine and In 1918 
was navigatmg officer of a transport. He was at that time In fine physical con 
dltlon an active athlete 6 feet 1 inch tall His habits were good, his medical 
history uneventful and dunng his war service he was subjected at times to the 
nervous stnun of navigating m the war tone There were penods when his diet 
was low in calcium ns he had almost no milk eggs or green vegetables In No- 
\ ember 1918 when 22 j ears old, he ahpped and felt a sharp severe pam in his nght 
loin which lasted one wee! Three months later pains were felt in the legs and 
hips, which became more severe, and extended upward to the lumbar spine 


t Presented in abstract before the Interurban Chnical Club, New York, April, 
1927 
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About July 1919, his fellow officers noted that he was growing shorter and becom- 
ing pigeon breasted His neck shortened and thickened so that he had to wear 
larger collars About the same tune he noticed that he sometimes passed thick 
white gravel at the end of unnation and that the unne was very cloudy The 
passing of the gravel caused severe pain The occurrence of gravel contmued until 
1925 His nght patellar hgament was ruptured in 1920 He stumbled easily 
because he had difficulty in cobrdinating muscular movements Pams m the heels, 
legs, and back were caused bv the jars of walkmg, or coming down stairs He 
became so weak that he could hardly chmb stairs Despite these disabihties he 
remained at sea until 1922 when he was obhged to return to New York for treat- 
ment on account of abdominal pain and vomiting He was then S feet 8i inches 
tall He was treated for one year for arthritis with no improvement 

In October 1923, he stumbled, fell against a chair, and broke both bones of the 
left forearm A roentgenogram taken then showed considerably decreased den- 
sity of the bones suggestmg osteomalaaa He was admitted to the Manne Hos- 
pital, Staten Island, in December 1923, where he remained as a patient until 
November 1925 His fractured left arm was kept m a cast for 9 months before 
umon occurred While m the hospital in August 1924 he fractured the left radius 
and in October 1925, the nght humerus He was placed on a Bradford frame 
with traction to secure extension and his height mcreased to 5 feet 9 mches 
^Vhen he was allowed up he measured 5 feet 6 mches, after 30 mmutes m an erect 
position Then be wore a supportmg body brace The next deformities which 
appeared were a shortening of the neck, a sinking of the head, and a forward 
protrusion of the lower jaw Roentgenograms taken in the Manne Hospital 
showed osteomalaaa involving the whole skeletal system While there he was 
given diets high in calaum and phosphorus, cod hver oil, calaum and phosphorus 
medications, thyroid extracts, epincphnn, hehotherapy, quartz lamp treatment, 
and irradiated milk, without noticeable improvement Dunng his stay in the 
hospital he felt weak and suflfered almost constantly from pain m his bones and 
joints 

In the SIX weeks between his discharge from the Manne Hospital and his ad- 
mission to Bellevue Hospital his pains gradually wore away and the unnary gravel 
nearly disappeared 

Physical examination The general appearance can best be shown by the front 
and side views of the patient (Fig 1 ) He was well nourished His head 
showed exaggerated grooves and prominences of the calvareum and a protrudmg 
lower jaw The teeth were m good condition There were no evidences of infec- 
tion of the throat The neck was short and thick with no enlargement of the 
thyroid The chest showed a marked prominence of the sternum The nbs 
impinged on the ihac crests The heart was normal m rate and rhythm There 
was an appendectomy scar m the right lower abdominal quadrant The external 
genitals were normal The spme was ngid, wnth marked kyphosis m upper dorsal 
region and with considerable tenderness on pressure in the lumbar region His ex- 
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Fir 1 Frost and Side ^ iehs of the Patient Charles JI , Janoari, 1926, 

SllOSnSG THE I’ROTRUDLSO JaW SiIORT NECK, DeFORUED 

Chest anti Contour of Extremities 







Fig 2 Roentgenogram of Right Humerus and Elbow, January, 1926 , 
Showing Atrophy, Fracture in Lower end of Humerus, and 

a Small Cyst 
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tremities showed bowing deformities in both arms due to old fractures with some 
tenderness on pressure over the bones The muscles generally were soft and flabby 
with apparent loss of tone The knee 3 erks were present but sluggish 

Laboratory The temperature varied between 98° and 99°F , the pulse 

between 70 and 90 per minute and the respirations between 18 and 24 per minute 



Fio 3 Roentgenogram OF Left Radius AND Uln \ jA'nJAR\, 1926, Snow'iNc 
Marked Bowing and DEroRinTY 

The blood pressure ranged from 110 to 12% rvstohe and 65 to 80 diastolic His 
weight remamed between 64 5 and 66 8 kgm The unne was dear, amber, acid 
m reaction with spedhe gra\ lU of 1 ,020 and was negati\ c for glucose, albumen 
blood and casts The blood Wassermann was negathc, the hemoglobm 95 per 
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Fig 4 Roentgenogram of Lumbar Spine, Lateral Vieb, January, 1926, 
Showing Curvature, Widened Intervertebral Disks, and 
Narrovti) Bodies of the Vertebra 
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cent and the vrhite blood count 7,400 with a differential count showing 62 per cent 
polymorphonudeara, 30 per cent lymphocytes, 6 per cent large mononuclears 
and 1 per cent each eosinophiles and basophiles The blood chemistry on Janu 
ary 20, 1926 was non protein mtrogen 36 mgm per 100 cc,, unc acid 3 5 mgm 
sugar 98 mgm , serum calcium 14 5 mgm , scrum phosphorus 3^ mgm and carbon 
dioxide combining power 56 volumes per cent The blood on standing formed a 
soft, fnable, darh red clot which retracted onl> slightly In 24 hours The basal 
metabolism was —8 to —17 per cent by Aub-Du Bois standards 

Roentgenograms of the bones showed the following changes There was ei^ 
tensive bone atrophy with absorption of the cortex, a few cystic formations 
and marked bonv deformities particularly m the pelvis and spine. The skull 
was mvolvcd in these changes Figure 2 shows the nght humerus and elbow, 
figure 3 the left radius and ulna, and figure 4 a lateral \new of the lumbar spme. 
The electrical reactions were, galvanic, K.C C 55ma,ACC 60ma and fara 
die 14 nui These findings were about twice the amount of current required to 
produce a reaction normally and represent e conriderable diminution in the elec- 
trical exdtabUity of muscle and nerve. 

Count tn hospital After about 3 we^ of preliminary observations, exact 
metabolic balance studies were begun, and continued for 76 days, with accurately 
weighed diets and complete collection of all unne and feces The patient suffered 
at times from mild pains, espedollj on moving about in bed He remained m 
bed during the entire period of observation He received a diet of 2500 calones 
containing 75 grams protein, and was m a sbghtlv positive nitrogen balance 
throughout The caidum in the food was varied from 0 5 to 1.2 grains per day 
He required 0 7 gram of caidum (expressed as caidum) daily to maintain balance 
and with an intake of 0 J gram per day showed a negative balance Three hundred 
and eighty units of parathormone were gi\en between February 16 and March 2 
with a maximum daily dosage of 40 units The patient was more uncomfortable 
dunng this medication and hence it was stopped. Moderate constipation was 
experienced durmg the first month in the hospital which was readily reheved by 
strychnine and agar agar The patient’s general condition improved and on 
April 23, 1926 he was transferred to the metabolism ward of the Massachusetts 
General Hospital in the care of Drs Aub and Bauer 

mxnoDs 

The calaum and phosphorus intakes were calculated from Sherman’s food 
table os given by Rose (3) Seven diets which dupbeated the diets for one da> of 
each penod were analysed for calaura and phosphorus It was found that the 
calculated amounts of calcium and phosphorus in the diets for the penod vaned 
both above and below those of the diets anal>*sed but the average for the daily 
diets fell within 5 per cent of the amounts found m the diet which was analv'sed 
Therefore, we feel that the calculated intakes represent accurately the actual 
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amounts of these minerals mgested. The calaum m the urine was detenmned by 
the method of Shohl and Pedlcy (4) and the phosphorus by the method of Fiske 
and Subbarow (5) The feces was dried, digested with sulfunc and mtnc adds 
and the calaum and phosphorus determmed m the same way as in the urine The 
serum was estimated by the method of Kramer and Tisdall as modified by Clark 
and Colhp (6) and the serum phosphorus by the method of Fiske and Subbarow 
(S) Table 1 contains the blood calaum and phosphorus determinations and the 
other significant data coruanung the calaum and phosphorus balances during the 
periods of observation 


COMMENTS 

From the duucal and roentgenological studies it seems evidentthat 
this IS a case of osteitis fibrosa cystica although the differentiation 
from osteomalaaa is not easy Chnically he had a long history of 
progressive skeletal deforrmties with frequent fractures which healed 
slowly Roentgenograms showed general rarefaction of the bones 
with no proliferation and some cyst formation 

At the present time bone is considered an active tissue that is con- 
stantly bemg bmlt up and broken down by osteoblasts and osteoclasts 
and a part of an interactmg system made up of soft tissues, blood, and 
bone In osteitis fibrosa cystica, as well as in osteomalacia, osteo- 
genesis imperfecta, and tickets, the essential nature of the pathological 
disturbance is the laying down of a type of bone defiaent in hme salts, 
called osteoid tissue, in place of normal bone The similarity of the 
pathological changes m the skeleton m these diseases has led many to 
regard them as a smgle disease with varymg degrees of mtensity and 
with different localizations 

The causes of these conditions have usually been dassified as exog- 
enous or endogenous The first group includes malnutrition, lack of 
specific food factors such as vitamme D, and diets defiaent m calaum 
In the endogenous group fall repeated pregnanaes and protracted 
lactation, certam pathological processes such as osteomata and myosi- 
tis ossificans, and disturbances m the glands of internal secretion, 
particularly the ovanes and parathyroids McCrudden (2) has dis 
cussed most of these factors 

We have found no studies of the nuneral balance of patients with 
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osteitis fibrosa cystica * Osteomalacia, however, has been extensively 
studied in this respect The most constant findings in osteomalaaa 
are a negative calcium balance and a lowered calcium content of the 
blood, even when ingesting amounts of calaum which would be ade- 
quate for a normal individual A few cases are reported with ele- 
vated blood calcium (2) 

The r61e of the parathyroid in calcium metabohsm is now well 
recognized 

a Hyposecrehon, either infantile (tetany) (7), postoperative, or 
idiopathic, IS marked by low blood calcium with elevated blood phos- 
phorus, and mcreased muscle and nerve irritabdity as evidenced by 
the electrical reactions and the occurrence of convulsions 

b Hypersecrehoit, studied by the use of a potent extract of para- 
thyroids (8), IS distinguished by elevation of blood calcium, a lowered 
blood phosphorus (later followed by elevation if the extract is con- 
tmued), and by a negative calcium balance at the expense of the bone 
calaum (9) 

Our patient presented a number of promment features 

1 Blood calcium Throughout the period of observation the level 
was elevated rangmg from 13 4 to 16 5 mgm per 100 cc of blood, 
but usually between 15 0 and 16 0 mgm The normal range is between 
9 and 11 mgm (10) This finding is in contrast to the usual level m 
osteomalaaa (11) which is generally lower than normal They cor- 
respond to the figures obtamed m animals which received a potent 
parath 3 T:oid extract Chnically Hunter and Aub (12) found high 
levels durmg periods of parathyroid admmistration in the treatment of 
lead poisonmg 

2 Blood pJwsphorus The determmations aU fell between 1 1 and 

’ Since these studies were made, three reports of the mineral balance in ostei- 
tis fibrosa cystica have appeared 1 Gold, Wien Med Wochenschnft, 1927, 
Ixsvu, 1734, 2 Barr, Bulger, and Dixon, J A M 4 , 1929, xcu, 951, 3 Wilder, 
Endocnnology, 1929, xui, 231 The chemical findings are m essential agree- 
ment with those presented by this patient AU three had tumors of the para- 
th 3 Toid bodies which were removed with chmcal improvement Wilder’s paper 
contams an exceUent discussion of the r61e of the parathyroid bodies m osteitis 
fibrosa cystica with a collection of the cases reported in the hterature 
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3 3 mgm per 100 cc and mostly below 2 5 mgm The normal level 
IS between 3 0 and 4 0 (13) This depression m the phosphorus level 
in the blood has been mentioned by CoUip following the administra- 
tion of parathyroid eirtract (8) On contmued admmistration of 
parathyroid extract the animals showed nsmg phosphorus levels 
which were marked just before death 

J Mineral balances The mtake of calcium and phosphorus was 
entirely supphed from the food A daily mtake of 0 4 gram of calaum 
(expressed as calaum) is suffiaent to mamtam a normal mdividual m 
balance (14) Our patient required 0 7 gram per day to mamtam him 
in calaum equilibrium and on 0 5 gram per day he had a definite 
negative calaum balance The facts with regard to phosphorus bal- 
ances are vague Our patient showed a positive balance for five 
periods and a negative balance m the last two penods No explana- 
tion for this shift m balance can be offered 

4 Mineral excretion The normal subject on a geneml balanced 
diet excretes in. the feces from 70 to 90 per cent of the total calaum , 
ehminated and the remainder in the unne (15) On the other hand 
our subject excreted only 10 to 30 per cent in the feces and the greater 
amount m the urme The Ion calaum excretion in the feces suggests 
effiaent absorption from the mtestme 

J Parathormone adtmnistralton All the medications which have 
been recognized as of value m treating osteomalacia bad been used 
without success Whde he was imder careful observation we adminis- 
tered parathormone m small doses, for diagnostic purposes He 
recaved 380 imits over a period of 15 days The clmical effects were 
stnkmg He complamed of defimte mcrease of pain all over his 
body, esjieaally on motion There was m addition, a shght elevation 
in the blood calaum The medication was then stopped 

6 Electrical reactions The muscles generally were flabby and 
poor m tone The electrical reactions re\ ealed a marked reduction m 
exatabihty of muscle and nerve This is the exact opposite of the 
response obtained m hypoparathyroidism (16) 

7 Nature of blood dot The blood clot differed from the usual nor- 
mal clot It slowlj formed a dark red, verj friable clot with very 
httle clot retraction Serum, free from red cells, could not be ob- 
tained except by centnfugalization This is in keeping with the find- 
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mgs of Mellanby (17), that an increase m blood calaum concentratioa 
lengthens the coagulation tune 

Our patient then presents a picture which agrees m its essentials 
with that produced by the excessive administration of parathyroid 
extract and opposite to that found m h)^oparathyroidism These 
considerations and the findmg of parathyroid tmnors in patients with 
osteomalacia and similar bone disturbances (18) led us to the con- 
clusion that the underlying basis for the osteitis fibrosa cystica m our 
subject was a hyperactivity of the parathyroid bodies 
It was obvious that a search for some abnonnahty of the parathy- 
roid glands was the next step mdicated At the closing of our metab- 
ohsm ward for the summer the patient was transferred to the care of 
Drs Aub and Bauer at the Massachusetts General Hospital for fur- 
ther studies of his calaum metabohsm and a consideration of the ad- 
visabihty of removmg one or more of his parathyroid glands 
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A CASE OF OSTEITIS FIBROSA CYSTICA (OSTEOMALACIA?) 

WITH EIHDENCE OF HYPERACTIVITY OF THE PARA- 
THYROID BODIES METABOLIC STUDY H- 

WALTER BAUER,* PULLER ALBRIGHT* and JOSEPH C AUB 
{From Ike 2[cdical Ginic of the Massachiisetls General IlojpitaJ, Boston) 

(Received for pubbeation February 5 1929) 

INTRODUCTION 

In a previous paper (1) i\e have pointed out certain charactenstic 
responses in the calaum and phosphorus metabolisms resulting from 
parathormone* administration, to essentially normal individuals In 
the present paper, similar studies will be reported on a patient who 
presented a condition suggestive of idiopathic hyperparathyroidism 

CASE inSTORA 

The patient, Mr C M , sea captain, aged 30, was transferred from 
the Belletue Hospital Service to the Special Study Ward of the 
Massachusetts General Hospital through the courtesy of Dr Eugene 
F DuBois, for further investigation of his calaum metabolism and tor 
consideration of parathyroidectomy His complete case historj has 
been reported by Hannon, Shore, McClellan and DuBois (2) It 
desenbes a man invalided for over three \ ears mth symptoms resulting 
from a generalized skeletal decalcification (See \ rays, figs 1 to 4 ) 

' This Is >.0 \ II of the senes entitled Studies of Calaum and Phosphorus 
Metabolism from the Medical Chnic of the Massachusetts General Hospital 
Resident Ph>siaan Massachusetts General Hospital 

* Research Fellow Massachusetts General Hospital and Harvard Medical 
School 

* Parathormone is Lh LilK and Co s trade name for Collip s pamth> roid 
eitracl 
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Tio 2 \ RA\ OF Rioirr SnotiXDER Snon'c^c Ou) FRACTtmn at the Lowxr 
End or the Hiiterus. ABSE^CE or Host of the ]io\x Trareculae in 
THE JliDDEE Half i\Trn Thinninc or the Cortex and Slight Bulging 
OF THE SlUFT Also Indefiniiell Defintd Cistic Areas in the Lower 
Third 
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Tic 4 X Ra\ of Tnc Left llmicuus Snow-iNC 4\ fll dftojfj) AtEorin 
^\•rrIt TmVMhG of tue Cortex and Irregulariiv tiie Head of the Hu 
HERDS IN TltE REGION OF THE TuBEROSm 
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Fic 5 Fmrs OF titf Skuxt, Snow TnE Posterior Portion of the CAL^ARIU 1 I 

TO HE I IIINNER THAN UsUAL 

The bone in the frontal region appears to be thickened and his a rather mottled 
appearance 

EVPERIMENTAL DATA 

The investigation, in accordance with the principles set forth in 
previous papers (3), consisted of complete calcium, phosphorus and 
nitrogen metabolism studies as well as frequent determinations of the 
serum calcium and serum phosphorus Whereas our previous studies 
have been confined almost entirely to low calcium intakes, m this 
study some periods on a high calaum diet were also included for three 
reasons In the first place, we wished to confirm the findings of the 
Cornell group, who had studied this patient while on a relatively 
high calcium diet Secondly, it seemed essential from a therapeutic 
standpoint to determine whether a positive calcium balance could be 
maintained on a high calcium diet Lastly, because of the patient’s 
marked skeletal decalcification, it was not considered wnse to study 
him for more than a very short period on a low calcium diet 

During the patient’s stay in the Hospital, two normal parathyroid 
glands were removed by Dr Edward P Richardson Our studies 
include penods of high and low calcium diet before and after the 
operations 
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The methods employed m the collection of the excreta and m the 
analyses of the matenal ha\ e been given in previous papers (3 and 4) 
The details of the operations and the pathological reports of the 
tissues removed are given in the appendix (q v ) The essential point 
IS that tno normal appeanng parathyroid glands were removed at 
operation 


RESULTS 

In table 1 and charts lA, IB, and IC are found the data for the 
calaum, phosphorus and nitrogen excretion Each stud) penod is 
three days unless othermse indicated In table 1 are also included the 
serum calaum and serum phosphorus values 

A Scrum calcium and serum phosphorus 

On exanunation of these blood findings one notes that the serum 
calnum is markedl) elevated above normal and that the serum phos 
phorus IS considerably reduced below normal, indeed relaUvel) more 
than the serum calaum is elevated Such a fall of the blood phos 
phorus we have found to be the case on administrabon of parathor- 
mone, provided that the serum calcium does not nse sufficiently high 
to produce a secondary phenomenon which is assoaated w ith a marked 
mcrease of the serum phosphorus The serum calaum in this patient 
was not suffiaently high to produce this phenomenon and the low 
serum phosphorus is in accordance with the findings m patients receiv- 
ing parathormone The removal of the two parathyroid glands was 
apparently without effect on the blood findings 

B Metabolism findings 

The discussion of the metabolic findings (table 1 and charts lA, IB 
and 1C) will be divided into four parts 

a A comparison of the findings before operation, while the patient 
was on a low calaum diet, w ith those of normal individuals on a sunilar 
diet 

b A companson of the findings in respect to both calaum and 
phosphorus metabolism before operation while the patient v\ ns on a 
low calcium diet with those of an individual receiving 100 units of 
parathormone per day 
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c A companson of the findings while the patient was on a high 
calaum diet with the findings of the Cornell group (2) 
d A companson of the findmgs, dunng both high and low calaum 
penods before operation, with sunilarpenods after operation 
In a previous paper (3) givmg the calaum excretion of nor m a l 
mdividuals on a low calaum diet, it was pomted out that before 



Cham lA, Showino Graphicali.y the Caicicu IIetabousii Data non 
Tabix 1 


quantitative comparisons could be made with regard to the calaum 
metabolism between mdmduals, factors had to be mtroduced whidi 
took mto account the sex, age, waght, activity, acid base balance of 
diet, proportion of other bases m diet, and phosphorus metabolism 
This patient (male, age 30, weight 64 kgm ) compares favorably with 
the controls (all male, average age 41, average weight 62 kgm ) 
The diet of the patient was picked from the same limited menu as that 
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of the control patients so that the aad-base values and cation contents 
should be approxunately equal As regards activity, this patient 
was m bed until periods 26 and 28 as compared with mild activity on 
the part of the controls Except for period 7, the patient remamed 
essentially m mtrogen balance In table 2, the average values for the 
three low calaum penods before operation (penods 3, 4 and 5) are 
compared with the average values of the control senes (3) One 

TABLE 2 


Compartson of preoperaltve period of C M tcilh controls 


1 

1 

1 

Calaum 

Output 

Intake 

Balance 

Urine 

Fects 

Total 


tm 

tm 

rm 

tm 

tm 

Control senes (3) 

0 19 

0 60 

0 79 

0 33 

-0 46 

Average of penods 3, 4, and 5 on Mr 






C M 

1 31 

0 19 

1 50 

0 31 

-1 29 


TABLE 3 

Comparison of preoperahve periods of C If with a normal individual recemng parathormone 

I Calcium 



Output 

Intake : 

Bal 

ance 

Serum calcium 

Unne 

Feces 

Total 


tm 1 

tm 

tm 

tm 

tm 

mim per 100 cc. 

Patient receiving 100 units of p?ra- 

1 




1 


tiiormone daily (average of 4 







penods) 

1 33 

0 45 

1 78 

0 34 

-1 44 

11 5-12 8 

Average of penods 3, 4, and 5 on 


1 

1 




Mr C M 

i 1 31 

1 

0 19 

1 50 

0 31 

-1 29 

13 1-15 3 


notes from table 2 that the negative calcium balance on a low calaum 
diet IS markedly increased in this patient and that this mcrease is 
entirely due to an increased unnary calaum excretion, the fecal 
calaum excretion bemg actually decreased 
It is now of interest to compare the findmgs m this patient with those 
of an essentially normal individual receivmg 100 umts of parathormone 
a day (Mr W S (1)) The calaum figures are shown m table 3 and 
indicate that the calaum metabolism of this patient while on a low 
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ml mrm diet IS qualitatively and quantitatively sim i la r to an indi- 
vidual receiving 100 units of parathormone 
From table 1 and chart IB, it will be noted that phosphorus was 
lost from the body comadent with the calaum loss It will be fur- 
ther noted that an unusually large proportion of the phosphorus 



Chabt IB Repkesestiac tiie PHOsraoRus Metabomsh Data trom Tabix 1 


was excreted in the unne In chart 1C, if one makes the assump- 
tion that the calaum and phosphorus losses represent tertiarj cal- 
aum phosphate withdrawn from the bones, this phosphorus loss is 
shown to be closely m agreement with the calaum loss The “theo- 
retical phosphorus balance” m chart 1C is the sum of the phosphorus 
equiialent of the nitrogen balance (N/P in protein = 17 4) and 
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the phosphorus equivalent of the calaum balance (Ca/P m tertiary 
calaum phosphate = 1 93)® and has been discussed at length m 
paper 3 of this series (1) The close agreement of the actual and 


Jr 



Chart 1C Comparison of the Acthal and Theoretical Phosphorus 

Balances 


theoretical phosphorus balances m chart IC is consistent with a con- 
stant degree of hyperparathyroidism, and is m contradistmction to 
what takes place when shifts are made from a lesser to a greater degree 
of hyperparathyroidism by mjection of parathyroid extract (1) 

® The factor 1 93 was used in this paper and represents the ratio of Ca/P m 
Cas(P 04)2 In paper 3 of this senes (1), the factor 2 23 was used which represents 
the ratio of Ca/P in bone 
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Thus we ina> conclude that the calaum and phosphorus mctabohsm 
of this patient before operation was consistent with that of persons 
receiving large doses of parathyroid extract 


TABLE < 

Compering C IS on hiih calnum tniake as siudied in hoo clinics 



I 1 

Nliro 

bJCo 


1 Oatput ' 

lotite 

■SI 


Urioe ; 

Feces 

Totsi 

aocs 



ttn. 

1 

f». 

fWs 

1 r" 

f" 

Averagcofperiodsl,2and7onMr C M 
Average of 3 penods of inveatigatloiLB by 

\ 1 48 

1 

0 64 1 

1 

2 12 

3 22 

1+1 10 

+8 6 

Cornell group (2) on Mr C M 

1 98 


2 39 

2 72 

mg 



TABLE i 

ComperUon of C IS on hiih and low calaum iniakt before and afler operation 




Caldam 

Nltrofea 


Periodi 

OotpQt 

loUlte 

B*Ut>ce 



'Ofiae 

Fece* 

ToUl 



Average 
of 1, 2 

1 48 

xm. 

0 64 

X*. 

2 12 

X* 

3 22 

gm, 

+ 1 10 


Before operatlona 

and 7 
Average 
of 3, 4 
and 5 

1 31 

0 19 

1 50 

0 31 

-1 29 


After operations | 

15 

Average 
of 13 
and 14 

1 58 

1 41 


1 91 

1 57 

3 40 

0 29 

+1 49 
-1 28 



It was extremely important for the patient’s welfare to know 
whether he could be kept on a positive calaum balance by dietary 
measures Therefore, he was studied on a high calaum diet * 

In table 4 are given these data with those obtained by the Cornell 

• The pnnaples suggested by later investigaUons (1) were not understood at the 
time of this studj , or else a high phosphorus diet would haw; been tried as well as a 
high calaum diet 
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the phosphorus equivalent of the calaum balance (Ca/P in tertiary 
calcium phosphate = 1 93)' and has been discussed at length m 
paper 3 of this senes (1) The close agreement of the actual and 


Jr 



April £3 IMay laiJ 16 £Z £8 JOune £4 i 


Chart 1C Comparison of the 
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4 1923 Klemperer (12) — tumor of parathyrord with multiple bone metas- 

tases from caranoma of breast 

5 1924 Ritter (13) — 2 year old female — enlargement of four parathyroids 

with rickets 

6 1925 Ferrero, J and Sacerdote, G (14) — 65 year old female — para- 

thyroid tumor with bemgn metastases of parathyroid tumor to 

femur and temporal bones 

Of the 88 cases of bone disorders associated with parathjrroid lesions, 14 showed 
tumors and the rest h 3 ^erplasia of the parathyroid glands Of the cases m which 
hyperplasia was found, 21 were associated with osteomalaaa, 15 with osteitis 
fibrosis, 3 with nckets, 6 with semle osteomalacia, and 28 with senile osteoporosis 
In the cases of parathyroid tumors, 9 were assoaated with osteitis fibrosa, 1 with 
osteomalaaa, 1 with bemgn parathyroid tumor metastases to the temporal and 
femur bones, and 1 with multiple bone metastases from a breast caranoma. 

Table 6 taken from the hterature shows in summary form vanous types of 
conditions which have been examined for question of associated parathyroid 
pathology and the number m which pathological glands were found Thus, m 46 
normal cases exarmned, hypertrophy was present in 4 In 19 cases of nckets 1 
showed hypertrophy The parathyroids were normal in 32 cases of semle osteo- 
porosis, 5 cases of osteitis deformans and 8 cases of senile osteomalacia Of 54 
cases of osteomalaaa examined, 25 showed hypertrophy One normal case 
presented a large cystic parathyroid tumor 
Except for Mandl’s case, all the pathological parathyroids assoaated with bone 
disorders were found at autopsy The occurrence of a bone lesion and a lesion 
of the parathyroids together does not necessarily mean that the two are mter- 
related, unless there is some chmcal evidence of disfunction of the parathyroid 
glands such as an alteration oi the scrum calaum or calaum exaction In hlandl’s 
case and the one here reported this pre-mortem evidence is present Unlike 
Mandl, however, we were unable to find a pathological parathyroid gland Our 
failure to find an abnormal gland, on the other band, does not Drove that one does 
not exist 

In a previou'' paper evidence has been mtioduced which suggested 
that the mcreastd calaum excretion and the increased serum calcium 
m h 3 ^erparathyroidism may be dependent on an increased phosphorus 
excretion and a depletion of the body’s fluid phosphorus (1) In this 
connection it is of mterest to note the picture which results when the 
body’s supply of phosphorus is depleted by insuffiaent phosphorus 
mtake This experiment has been performed by nature on cows and 
reported recently by Palmer and Eckles (22) In certain regions 
where the grass has a very low phosphorus content, cows develop a 
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that m an individual receiving large doses of parathormone and 
diametncally opposite to that m a patient with parathyroid tetany, 
we feel justified in concurnng in the diagnosis of hyperparathyroidism 
suggested by Dr Eugene F DuBois 
8 It is pomted out that a high phosphorus diet might be mote 
efficacious from a therapeutic standpomt than a high calcium diet m 
this case 


APPENDIX 

First operation by Dr E P Richardson. “Right parathyroidectomy Curved 
mcision downward over carotid sheath turning across median hne above the 
suprasternal notch Stemo-mastoid retracted outward and prethyroid muscles 
divided, exposmg antenor surface of thyroid uhich uas of normal size and even 
consistency but pale The carotid sheath was retracted outward The right lobe 
of the thyroid was then turned toward the median hne Its postenor surface and 
surroundmg areolar tissue was carefully searched for parathnroids The mfenor 
thvroid artery and recurrent laryngeal nerve, crossing the front was exposed m 
this dissection The dissection was earned toward the median hne.| The mfenor 
thyroid artery entered about the middle of the postenor lobe There was a large 
anastomotic branch jommg the supenor thyroid No parathjToid tissue was 
found until after the division of the mfenor artery' Just to the median side of this 
pomt there was a small vascular area 6 mm m diameter, deeper red than the 
remamder of the thyroid lobe This area was flattened and encapsulated It was 
dissected off and thought to be parathyroid Sbghtly to the median hne from 
this another smaller area, not so distinctly encapsulated, was removed Thyroid 
replaced, muscles sutured Wound closed without dramage ” 

Histological report “Parathyroid glands Microscopic examination shows one 
nodule out of five having the structure of a parathyroid gland ” 

Second operation by Dr E P Richardson “Exploration of thyuroid Curved 
incision extending across the neck partly through the old scar and exposmg the 
thyroid lobe Thyroid lobe turned towards the median hne, the postenor aspect 
carefully dissected No evidence of adenoma of parathyroid No structures 
resembhng normal parathyroid glands were seen Since the parathyroid removed 
on the other side resembled normal fat, six lobules of fat were removed from the 
region of the postenor aspect of the thyroid One of these lying adjacent to the 
mfenor thyroid artery at about the middle of the glands seemed to be a possibl 
parathyroid gland Wound closed ” 

Histological report “Region of parathyroid hlicroscopic section of six •= 
specimens showed one which is labelled 'mfenor thyroid artery’ with the str 
of the parathyroid gland The remamder are composed of lymphoid ti' 
fat” 



A CASE OF OSTEITIS FIBROSA Cl^STICA (OSTEOIHALACIA?) 

WITH EVIDENCE OF HVRERACTTVITY OF THE PARA- 
THYROID BODIES METABOLIC STUDY HI 

By W S lIcCLELLAN* and R. R, HANNON 

{From the Rastdi Sa^e Tnslitule of Paikology tn a^miton xoilk the Second Medical {CorneH) 
Dnlston of BefUvue Hospital, New York) 

(Received /or publication July 15, 1929) 

The case history of the patient C M and observations of his cal- 
aum and phosphorus metabohsms both before and after the removal 
of two parathyroid bodies have been presented m Papers I and H of 
this senes (1, 2) After the patient left the Massachusetts General 
Hospital he spent one month at home and then was readmitted to the 
metabolism ward of the Russell Sage Institute of Pathology, Novem- 
ber 1, 1926 He returned for a penod of stretchmg to see if his de- 
fomuties could be completely or partially corrected Dunng this 
stay m the hospital further observations were made to see the effect 
of vanous diets and medianes on his mmeral metabolism 

CUNICAL COURSE 

After roentgenograms were taken to compare with the earher find- 
mgs, the head of the patient’s bed was elevated to an angle of 30 
degrees and traction was apphed by waghts attached to a leather 
collar The traction was conUnued for four and one-half months and 
dunng this time he was not allowed to sit up He mamtamed his 
physical condition by vanous gymnastic exerases daily durmg the 
time when his bed was lowered His haght on admission was 168 
cm The maximum height dunng the penod of stretchmg was 170 
cm He first sat up by himself Apnl 1, 1927 and dunng the next 
month he mcreased the amount of activity daily His haght then 
was 168 cm He wore a supportmg leather jacket and on discharge 
from the ward, April 29, 1927, he could walk easily with the aid of a 
cane. 
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The roentgenograms of November 4, 1926 revealed thiimmg of the 
cortex of the long bones, healed recent obhque fracture of lower end 
of the right humerus m good position and an old healed fracture of the 
upper third of the left ulna with shght deformity The skull revealed 
numerous decalcified areas A large cyst m the right femur descnbed 
durmg his previous admission was somewhat smaller The dorso- 
lumbar spine showed diminution of the width of the vertebrae with 
pressure atrophy and shght kyphosis When these plates were com- 
pared with plates taken ten months previous there seemed to be some 
increased density of the bones On April 27, 1927 the osseous sys- 
tem was the same as described on November 4, 1926 

EXPERIMENTAL RESULTS 

The changes, which occurred in the calaum and phosphorus bal- 
ances and the medianes given are presented in table 1 The studies 
cover 14 consecutive periods between November 15, 1926 and Apnl 
17, 1927 The results are reported as the average daily intake and 
output for each period The methods apphed to these studies were 
the same as used for our previous observations (1) 

Durmg the first penod he received approximately 1 0 gram of caJ- 
aum per day and both the calcium and phosphorus were constituents 
of the foods eaten This period was obtained as a companson with 
previous studies reported m Paper I (1) It revealed a defimte posi- 
tive balance for both calaum and phosphorus The positive calaum 
balance was explained by the unusually small amount of calaum ex- 
creted m the feces, which is much lower than any other observations 
on this subject 

In penod II he received subcutaneous injections of surgical pitui- 
trm, 0 5 cc twice daily, for 6 days dunng the first half of the penod 
He remained m positive calaum balance but a definite mcrease in the 
calcium m the feces was noted 

In period lU, 3 grams of calaum lactate which contained 0 4 gram 
of calcium were added to the diet daily without any mcrease in calaum 
retention No change m phosphorus intake was made There was a 
defimte increase m the calcium excreted in both urme and feces 

In the next period cod hver oil, 24 cc per day was added to the diet 
One cubic centimeter of the cod liver oil contained by analysis 0 002 



TABLE I 

Cakium and phosphorus boJattces J92&-Z7 Repcricd as datly averages fen- each pcnod 


V, S McCUE 



Candiolm contama by analysis 017 gram of calaom and 0 14 gram of pho^horus per tablet 
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The roentgenograms of November 4, 1926 revealed thinning of the 
cortex of the long bones, healed recent oblique fracture of lower end 
of the right humerus m good position and an old healed fracture of the 
upper third of the left ulna with shght deformity The skull revealed 
numerous decalcified areas A large cyst in the nght femur described 
dunng his previous admission was somewhat smaller The dorso- 
lumbar spine showed dimmution of the width of the vertebrae with 
pressure atrophy and shght kyphosis When these plates were com- 
pared with plates taken ten months previous there seemed to be some 
increased density of the bones On April 27, 1927 the osseous sys- 
tem was the same as described on November 4, 1926 

EXPERIMENTAL RESULTS 

The changes, which occurred m the calcium and phosphorus bal- 
ances and the medicmes given are presented m table 1 The studies 
cover 14 consecutive periods between November 15, 1926 and Apnl 
17, 1927 The results are reported as the average daily mtake and 
output for each penod The methods apphed to these studies were 
the same as used for our previous observations (1) 

Dunng the first penod he received approximately 1 0 gram of cal- 
cium per day and both the calcium and phosphorus were constituents 
of the foods eaten This penod was obtamed as a companson with 
previous studies reported m Paper I (1) It revealed a definite posi- 
tive balance for both calaum and phosphorus The positive calaum 
balance was explamed by the unusually small amount of calaum ex- 
creted in the feces, which is much lower than any other observations 
on this subject 

In penod 11 he received subcutaneous mjections of surgical pitm- 
trm, 0 5 cc twice daily, for 6 days dunng the first half of the penod 
He remained m positive calaum balance but a definite mcrease m the 
calaum m the feces was noted 

In period III, 3 grams of calcium lactate which contained 0 4 gram 
of calcium were added to the diet daily without any mcrease m calaum 
retention No change in phosphorus mtake was made There was a 
defimte increase in the calaum excreted in both unne and feces 

In the next penod cod hver oil, 24 cc per day was added to the diet 
One cubic centimeter of the cod hver oil contamed by analysis 0 002 



w s McClellan and r r hannon 


253 


increased ranging between 90 and 110 per minute showmg a definite 
thyroid effect 

The thyroid and pituitary medications were contmued m penod XI 
for two days and then stopped because of further increase in pulse 
rate of 110 to 115 per mmute and discomfort on the part of the pa- 
tient Durmg the remamder of the pienod no medication was given 
A marked negative calaum balance was obtained with no particular 


TABLE 1 

Serum calcium and phosphorus ddeminalfons 


DaU 

Cftldom 

Fticcpbofus 


nxn. fitr 100 et^ 

MX** per JOO a. 

November 9 

14 8 

2 0 

No> ember 16 


2 2 

November 26 

14 0 1 

2 S 

November 29 

14 4 

2 9 

December 3 

13 3 

2 9 

December 17 

15 4 

2 9 

/P/7 

1 


January S 

14 2 

2 5 

January 17 | 

11 3 

2 g 

January 19 1 

12 0 

2 1 

January 25 1 

14 0 

2 8 

January 31 1 

12 5 

2 8 

Febmary 8 i 

13 5 

2 8 

Fcbniaiy2l 1 

14 6 

3 0 

March 7 

14 8 

2 9 

Mareh21 

U 9 

2 6 

March 28 ' 

14 4 

2 6 

April 4 1 

14 4 

2 5 

April 18 i 

^1 

14 1 ' 

1 

2 6 

1 

Average all determinations 

13 9 

2 6 


change m the amount of the phosphorus retamed The pulse dunng 
the last half of the period vaned from 80 to 100 per mmute. 

Quartz lamp therapy was appbed m penod XII He received 11 
treatments apphed both to front and back The calcium mtake aver- 
aged 1 1 gram per day and phosphorus 1 8 gram The calaum m 
the urme and feces and the negaUve calaum balance dimimshed 
either due to the hght therapy or to a weanng off of the thyroid effect 
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gram of calaum and 0 036 gram of phosphorus The calcium lac- 
tate was contmued Hjs received 1 7 gram of calcium and 1 6 gram 
of phosphorus daily The retention of calcium and phosphorus was 
greater in spite of increased excretion of both m the feces 

Durmg penods V and VI the mtakes of calcium and phosphorus were 
mcreased by adding, to the combmation given in penod IV, candio- 
hn, first 3 tablets daily and then 6 tablets m period Vf Candiohn* 
(calaum hexose phosphate) was given with the hope that the calaum 
and phosphorus in combination with the hexose might be more easily 
absorbed and stored 0 57 gram of calaum and 0 66 gram of phos- 
phorus were retamed daily in penod VI In each penod there was 
again an mcreased excretion of both mmerals m the feces with no 
defimte mcrease m the unne 

The intake of penod VI was contmued for 3 days m penod VH and 
then all medications were stopped This change resulted m sharp 
drop m calaum and phosphorus retamed as well as the amounts ex- 
acted m the feces 

Penod Vni duphcated period I as far as calaum intake was con- 
cerned but there was a slightly greater phosphorus intake The pa- 
tient was just m calcium balance but had good positive phosphorus 
balance He excreted 0 48 gram of calaum daily m the feces as com- 
pared with 0 06 gram m period I which accounts for the difference m 
calcium retained 

Thyroid extract 0 13 gram (2 grams) daily was given by mouth 
durmg penod IX The mtakes and balances remamed practically 
the same as durmg penod VIH but there was a tendency for the uri- 
nary calaum to climb The pulse vaned between 70 and 90 during 
this penod showing no evidence of thyroid intoxication 

In penod X the thyroid extract was mcreased to 0 2 gram (3 grains) 
and m addition whole pitmtary gland extract, 0 2 gram (3 grams), 
was given by mouth Here a daily negative calaum balance of 0 36 
gram was found with a shght drop m the positive phosphorus balance 
There was an mcrease of calcium m both urme and feces The pulse 

* The candiolin used was obtained through the kindness of the Winthrop Chemi- 
cal Company, New York City Each tablet contained bv analysis 0 17 gramiof 
calaum and 0 14 gram of phosphorus 
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mgm lower and the phosphorus 0 5 rngin higher during the second 
period of observation 

The basal metabolism observations made in the Sage calorimeter 
are shown m table 3 The first two observations were made dunng 
the first penod of study before the removal of the two parathyroid 
bodies and the others dunng the second admission after the removal 
of these parathyroid bodies In observation I the patient had diffi- 
culty in gettmg mto a completely comfortable position and conse- 
quently was somewhat restless The fifth observation was made after 
the first week on thyroid extract and shows only a slight increase of 
metabolism over the previous observation The last test was made 
at the end of his thyroid and vs hole pituitary penod and here is seen 
an increase m his metabolism which is, however, well within the nor- 
mal vanations At the tune of this observation his pulse ranged be- 
tween 110 and 115 per minute which would suggest a greater degree 
of thyroid intoxication than the metabolism test indicated 

DISCUSSION 

Relation of calcium intake to calaiim retention A diet, containmg 
1 0 gram of calaum as calaum, was needed to prevent its loss from 
the body of this subject This fact has been demonstrated before 
both from his previous studies m this dmic (1) and from subsequent 
studies by Bauer, Albnght, and Aub (2) In making up a high calaum 
diet one turns to milk and cheese as two of the main sources It is 
difficult to make up a palatable diet with much more than 1 0 gram of 
calaum per day It was because of this fact that calaum lactate and 
candiohn were added When the calaum m the diet was increased 
by the use of these medications a definite retention was observed as m 
penods V and VI The retention did not bear a quantitative rela- 
tion to the mtake, for an increase of 1 2 gram in the daily calaum, be- 
tween penods III and M, only resulted m an increased retention of 
OA gram The remainder of the extra calaum intake, 0 7 gram 
daily, was exacted m the feces This suggests that only about 40 per 
cent of the extra calaum ingested, was absorbed 
The c^ffcct of glandular extracts The use of pituitnn m penod n 
resulted m a sharp drop in the amount of calaum retamed This 
change was due entirely to the inaeased excretion of calaum in the 
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His pulse was at its normal level during this period The positive 
phosphorus balance was definitely increased 
In penods XIII and XIV his mtake of calcium was approximately 
1 3 gram and his phosphorus 2 0 grams daily He received no supple- 
mentary medications He remained practically m calcium balance 
with a good positive phosphorus balance In these periods the intake 


TABI^ 3 

Observations on the basal metabolism of C M made in the Sage calorimeter 1926-27 


Number 

Bate 



§ 

3 

O 

a 

2.= 


Remark* 


Weight 

y 

o 

te . 

Surface 

chart 

c 

'3 

U 

Bs 

Jo-3 

S 

> 



im 

kim ' 

cm 

square 

meiers 

calones 


ter cent 


1 

March 5 

65 3 

168 

1 73 

63 2 


-7 6 

Shghtly uncomfortable and 


1 



1 




restless 

2 

March 26 ^ 

65 1 

168 

1 73 j 

57 2 

33 1 

-16 3 

Two parathyroid bodies re- 








N. 

moved 

3 

November 11 | 

ralii 

168 


59 7 

33 2 

'-16 2 



JP27 






1 1 


4 

January 12 

tilil 

168 

I 1 82 


35 7 

-9 6 


5 

February 16 

[74 1 

169 

1 85 

' 67 2 

36 3 

-8 1 

0 13 gram thyroid ectract 









daily for 8 days 

6 

March 2 

i74 0 

169 

1 85 

69 5 

37 6 

-4 8 

Thyroid extract 0 2 gram and 









whole pitmtary extract 

0 2 gram for 10 days — pulse 
100-110 


* The calones per hour are the average of three consecutive hours m the caloruneter 
t The normal calones per square meter per hour by Aub-Du Bois standards are 39 5 


of phosphorus was increased to see if it might not favorably mfluence 
the calcium retention 

The results of 18 determinations of the serum calaum and phos- 
phorus are presented in table 2 The average serum calcium was 13 9 
mgm per 100 cc and the average serum phosphorus was 2 6 The 
averages for 9 determinations reported m Paper I (1) and made be- 
fore the removal of two parathyroid bodies were calcium 15 3 mgm 
per 100 cc and phosphorus 2 1 mgm The serum calcium was 1 4 
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mgm lower and the phosphorus 0 5 mgm higher dunng the second 
period of observation 

The basal metabolism observations made in the Sage calorimeter 
are shown m table 3 The first two observations were made dunng 
the first penod of study before the removal of the two parathyroid 
bodies and the others dunng the second admission after the removal 
of these parathyroid bodies In observation I the patient had diffi- 
culty m getting into a completely comfortable position and conse 
quently was somewhat restless The fifth observation was made after 
the first week on thyroid extract and shows only a shght increase of 
metabolism over the previous observation The last test was made 
at the end of his thyroid and whole pitmtary penod and here is seen 
an increase m his metabolism which is, however, well withm the nor- 
mal vanations At the time of this observation his pulse ranged be- 
tween 110 and 115 per rmnute which would suggest a greater degree 
of thyroid mtoxication than the metabolism test mdicated 

DISCUSSION 

Relation of calcium intake to calcium rclention A diet, contammg 
1 0 gram of calaum as calaum, was needed to prevent its loss from 
the body of this subject This fact has been demonstrated before 
both from his previous studies m this chmc (1) and from subsequent 
studies by Bauer, Albnght, and Aub (2) In making up a high calcium 
diet one turns to milk and cheese as two of the main sources It is 
difficult to make up a palatable diet with much more than 1 0 gram of 
calaum per day It was because of this fact that calaum lactate and 
candiohn were added When the calcium m the diet was mcreased 
by the use of these medications a definite retention was observed as m 
Iienods V and VI The retention did not bear a quantitative rela- 
tion to the mtake, for an mcreasc of 1 2 gram in the daily calaum, be- 
ti\ een periods UI and only resulted m an increased retention of 
0 5 gram The remainder of the extra calaum intake, 0 7 gram 
daily, was excreted in the feces This suggests that only about 40 per 
cent of the extra calaum ingested, was absorbed i 

The effect of glandular extracts The use of pituitnn m penod 11 
resulted m a sharp drop m the amount of calaum retained This 
change was due entirel> to the increased excretion of calaum in the 
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feces, as no change m amoimt excreted m the unne was noted The 
use of whole pituitary gland extract m penod X was assoaated with 
the administration of thyroid extract so its mdmdual effect was not 
observed 

Thyroid extract was given durmg penods DC and X In period DC 
no appreciable change in the calcium balance was noted There was 
a shght increase m the calcium excreted m the urine In period X 
when the physiological response to the thyroid was observed m pulse 
and basal metabohc rate, there was definite swmg of the calcium bal- 
ance to the negative side An increased excretion of calaum was 
found m both unne and feces These results may be produced by 
thyroid extract alone as has been shown by Aub and his collaborators 
(3) m studying the excretion of calcium m thyrotoxicosis While it 
IS impossible to demonstrate from these studies which one of the two 
glandular substances produced the results obtained, the use of the 
two resulted m defimte reduction m amount of calcium retamed even 
to the extent of producmg a negative calcium balance There is 
suggestive evidence that pituitary extract may have mcreased the 
excretion of calcium m the feces while thyroid extract mcreased the 
excretion in the urme 

T Jie excrehon of calmnn m urim andf eces The excretion of cal cium 
in the unne remained umform from penod III to Viil but showed a 
defimte increase durmg the glandular medication m periods IX and X 
This mcrease persisted through the remamder of the observations 
The amount of calaum found m the feces was closely related to mtake 
With the increasmg amount of calaum ingested there occurred a cor- 
respondmg mcrease of calaum m the feces which represented approxi- 
mately 50 to 60 per cent of the mcrease in the calcium taken The 
ratio between the amount of calcium excreted m the urme and m the 
feces, in our previous studies (1) was found to be about 4 1 In our 
present observations it vaned widely bemg dependent mostly on the 
amount of the calaum intake In period I the ratio was 9 1 and m 
penod VI it was, 12 2 The average ratio for the entire period was 
approximately 11 In comparmg these findmgs with our previous 
observations, it must be noted that the mtake of calaum durmg the 
later studies was contmuously above 1 0 gram while m the earher 
studies it was 1 0 gram or less 
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ReJaltoit of plwsplionis intake to phosphorus and calcium reteniwn 
The average phosphorus mtake for the first three periods was 1 3 
gram per day and he showed shghtly positive balances on this intake 
The intake was increased duniig pienods IV, V, and VI and the great- 
est retention was obtamed with an intake of 2 4 gram daily The ex 
cretion and retention of phosphorus was not affected by adrmnistra- 
tion of thyroid or pituitary extracts 
The calaum retention did not appear to be affected by the levels of 
the phosphorus intake The greatest retention of calaum was ob- 
tamed in penod VI and coinaded with the greatest retention of phos- 
phorus Also m the last two periods where the intake of calaum was 
one half of the mtake of period VI and the intake of phosphorus was 
neatly the same we found slightly negative calaum balances m spite 
of good positive phosphorus balances 

The eject of removal of two parathvroid bodies on the level of serum cal 
cinm and phosphorus and on the basal metabolic rate In comparing the 
detenmnations of serum calaum and phosphorus durmg the present 
studies with those of our earlier studies (1) it was found that the aver- 
age serum calaum was 1 4 mgm lower and the serum phosphorus 0 5 
mgrtu higher durmg the second period of study after two parathyroid 
bodies had been removed These findings suggest that a shght bene- 
fit occurred as a result of removmg two parathyroid bodies but the 
changes are so small that they cannot be considered conclusive es- 
peaally since a greater mtake of calaum and phosphorus wasmam tamed 
durmg the second penod of observation 
No change was observed m the basal metabohc rate as a result of 
the parathj'Toidectomies It was naturally maeascd somewhat as a 
result of thyroid admimstration 

SmOIARY AND CONCLUSIONS 

1 Calaum and phosphorus balances are presented for the subject 
C M who was observed contmuously for 154 days 

2 Distinct improvement m patient’s physicd condition occurred 
dunng his stay m the hospital 

3 An mtake of 1 0 gram of calaum was found necessary to keep him 
m positive calcium balance The positive balance was increased by 
inaeasmg the intake No defimte benefit could be ascribed to cod 
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liver oil or quartz lamp therapy Thyroid and pituitary extracts 
diminished the amount of calaum retamed 

4 The excretion of calcium m the urme was not affected by m- 
creased intake of calcium but was increased as a result of giving thy- 
roid extract The excretion of calcium in the feces was elevated by 
increasing the mtake and there is suggestive evidence that it is shghtly 
increased by giving pituitary extracts 

5 The excretion of phosphorus in the urme was not sigmficantly 
affected by either intake or glandular therapy The phosphorus in 
the feces varied with the intake 

6 A positive phosphorus balance was mamtamed throughout the 
entire period of observation even m those periods when there was 
definite loss of calaum from the body 

7 The removal of two parathyroid glands caused only shght changes 
in the levels of serum calcium and phosphorus and no change m the 
basal metabolic rate 
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STUDIES IN CONGESTIVE HEART FAILURE 

I The Eepect oe Edema on Oxygen Utilization 

By TINSLEY RANDOLPH HARRISON AMD COBB PILCHER 
(F«m lie Department cj iledutne Vanierbat Unmrtity Schoci of Medicine) 

(Received for publication AptB 23 1929) 

The cardinal symptoms of heart disease are dyspnea, edema, and 
pam The recent important pubhcation of Keefer and Resnik (1928) 
has done much to remove the subject of cardiac pain from the realm of 
controversy, and to lead to a better understanding of the mechanism 
by which it is produced, and hence, to a clearer chnical concept of its 
significance Unlike cardiac pain, edema and dyspnea are ordinanly 
indications of congestive heart failure and although these two symp- 
toms have been the subject of many valuable studies there is not yet 
entire agreement as to the exact physiological disturbances which lead 
to their production 

The observations to be presented in this paper are the first of a series of investi- 
gations devoted to the subject of heart failure Therefore, it seems appropriate 
to mention bnefly the vanous modem theories as to the mechanism by which the 
important symptoms arc produced 

1 Inadequate cardiac output According to this conception, all the symptoms of 
heart disease are to bo explained by the madequacj in the amount of blood pumped 
by the heart (Mackensie, 1925) This hypothesis has been widely accepted in 
English-speaking countries Thus “The efficiency of the heart is nothing else 
than the volume of blood that it can pump in relation to the oxygen requirement 
of the body This apphes to the athlete, the man of sedentary habits, and to the 
cardiac patient The mdei of efficiency is therefore the arteriovenous difference 
durmg rest and varvang degrees of muscular exertion" (Henderson Haggard and 
DoUey, 1927) Similarly, Meakins and Ixmg (1927) state "Circulatory failure 
may be defined as a state in which the volume of blood cuculated per unit of time 
is not adequate for the physical needs of the momenU" The proponents of the 
‘ madequate cardiac output” theory have usually not stated just how the made 
quacy produces edema Increased capillary permeability has been suggested 
but has not been clearly demonstrated until recently when Landis (1928) ahowed 
that anoxemia did tend to make fimd pass out of the capillaries more readily 
Martm Fischer (1921) bcileied that diminished blood flow led to the accumula 
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tion of acid in the tissue ceUs, thereby increasing then- water-binding power, and 
he attnbuted cardiac edema to this cause 

2 Slowing of llie circulation Plesch (1926) reported prolonged circulation tune, 
increased blood volume and increased mmute output m heart disease {“Bei Berz~ 
kranken tsl tm allgeinctncn das Mtiiulmvolnmen crhohi”) He showed that the 
circulation tune is prolonged and beheved that this led to increased permeabihty 
of the capiUarj' walls, which caused edema Blumgart and Weiss (1927) observed 
duninished veloaty of blood flow in cardiac decompensation They did not con- 
clude defimtely, however, that this was the essential cause of the edema 

3 "Back-pressure ” In German 3 f and in France many observers seem to be- 
heve that the S 3 Tnptoms of heart failure are essentiallj' dependent on a damnung 
of blood in, and back from, a dilated heart Krehl (1917) mav be cited as one of 
the leading advocates of this view Vaquez (1924) distmguishes sharply between 
left and nght ventricular failure and, hke Krehl, regards pulmonary congestion as 
secondars' to the former and penpheral congestion to the latter In each instance 
he seems to consider “back-pressure” as the essential factor This is different 
from the conception of Mackenzie who regarded pulmonary edema as due to 
inabihty of the “enfeebled” nght ventricle to pump blood through the lungs, 
and considered penpheral congestion and edema as due to similar failure of the 
left ventnde 

4 Lack of balance between the ventricles This is essentially a modification of the 
“back-pressure” theorj', in as much as the ventnde which is working under the 
greatest handicap is considered as failing to keep pace in output with the other less 
hampered ventnde and consequently congestion as occurrmg “back” of the faihng 
side of the heart This concept was apphed to cardiac asthma by Eppmger, von 
Papp, and Schwarz (1924) Robinson (1927) and Hamson and Leonard (1926) 
have attempted to explain other circulatory phenomena of heart failure on this 
basis 

5 A combination of the above-mentioned theories Certain authors beheve that 
different patients present different types of arculatory derangement Thus, 
Burwell (1928) beheved that dj^pnea on exertion in compensated cardiacs might 
be due to relative inabihty to mcrease the cardiac output, whereas edema could 
be explained by lack of ventricular balance 

Wiggers (1925) has compared cardiac failure in man to the conditions m animals 
poisoned by chloroform or other drugs which “depress” the heart He beheved 
that “back-pressure,” when it occurred was secondary to decreased output due to 
mj'ocardial weakness Gibson (1927) beheved that both diminished output and 
“back -pressure” were causative factors m the production of edema 

d Disturbances of lactic acid metabolism. In 1927 Eppmger, Kisch and Schwarz 
published a monograph m which a new pomt of view was stated and verj' important 
data were presented concerning heart failure These authors do not beheve that 
cardiac failure can be explamed bj*^ hemo-dynarmes alone Briefly summarized, 
their theory is that there is a disturbance in the resynthesis of lactic aad in heart 
disease More than the usual one-fifth of the lactic acid produced has to be 
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burned to accomplish which, oxygen consumption at rest and during exercise 
would have to be increased WTien such compensation is inadequate the accumu- 
lation of lactic add in the tissues leads to diminished buffering power At first, 
the carbon dioxide tension of the blood is Increased and this causes cardiac dilnta 
tion and increased output. Later, due to the excessive loss of bicarbonate, a state 
of acapnia supervenes and this causes slowing of the cuculntion, with diminished 
output, which produces edema and cyanosis More recently Eppinger, Lasilo, and 
Schtlrmeyer (1928) have found that in ammals m a state of shock, and xnth dim 
mution of the arculating blood volume, the osygen requirement for a given amount 
of work 13 increased. They beheve that In congestive heart failure the circulating 
blood volume is similarli decreased because of the stagnation of large portions 
of the blood in various depots of the bodv The arculation through the muscle is 
therefore diminished as in acute drculatoiy collapse, and the state of oxvgen 
lack thereby produced leads to the abnormal chemical processes m the muscles 

This s)iort summary states the mam points in each of the more 
important hypotheses of cardiac failure Without a more detailed dis- 
cussion, It 13 suffiaent here to pomt out that the currency of so many 
theones suggests the need for further worL 

It has seemed to us that a study of the symptoms of the cardiac 
patient offered the beat approach to the problem Consequently, 
this and succeedmg papers to appear at an early date are concerned 
with cardiac edema In the present pubheabon our observations 
concerning the effect of edema on the circulation are presented 

METHOD 

If one assumes constancy of oxygen consumption m a given portion 
of the body, then the more blood which flows through it per mmute 
the less will be the amount of oxy gen removed from each unit of blood 
Likewise, when blood flow is decreased the amount of oxygen taken 
out per umt of blood mil be corrcspondmgly increased Therefore, 
the oxygen utilization or arteriovenous difference of blood from given 
vessels affords, subject to the assumption mentioned, a general index 
to the amount of blood passing through the corresponding portion 
of the bodv 

Other investigators have studied the arteriovenous difference in the 
arms of patients suffering from cardiac disease Lundsgaard (1918) 
obsen ed increased utilization m all individuals mth congestive failure 
and in "compensated” patients when the rhythm was markedly 
irregular Harrop (1919) found that the artenovenous oxygen differ- 
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ence of blood drawn from the arm was usually greater when failure 
was present than when it was absent On the other hand, Eppmger, 
von Papp, and Schwarz (1924) frequently found normal or low values 
for oxygen utilization in their patients with congestive failure 
Instead of usmg blood from an arm vein we have studied the blood 
from the the femoral vem The arms are rarely edematous m cardiac 
failure , the legs usually are Hence, the state of the blood drawn from 
the legs may be expected to be a better index of the blood flow through 
edematous tissues The only previous studies on the femoral venous 
oxygen are those of Blalock (1929) who found low utihzation in pa- 
tients with varicose vems His results were rather surpnsmg and led 
us to undertake a simflar study m patients with heart disease 
Our observations were made after the patient had been lying qmetly 
for twenty mmutes or more m a semi-recumbent posture This posi- 
tion was necessary because the subjects were often too short of breath 
to he flat and because femoral venepuncture is difiicult when the sub- 
ject is sittmg upnght The skin was stenhzed m the usual manner, 
the femoral artenal pulsation felt and the puncture made at a pomt 
about three centimeters below Poupart’s ligament and one centimeter 
medial to the pomt of maximal artenal pulsation The needle was 
inserted vertically for a distance of two to five centimeters, depending 
on the size of the patient and the amount of fat With a httle practice 
the procedure was found to be easily earned out The patients com- 
plamed of no more pain than from an ordinary venepimcture 

The blood was drawn mto a synnge contaimng od and immediately 
expelled mto a one-ounce bottle contaimng a small amount of oxalate 
and 10 cc of oil Oxygen determinations were made in dupheate on 
the Van Slyke-NeiU (1924) manometnc apparatus In most mstances 
analyses for carbon dioxide content were made also 

Artenal blood was drawn m the usual manner from the brachial 
or from the femoral artery 

A few observations were made on individuals with no disease of the 
heart or blood vessels, and a number of patients with edema due to 
some cause other than heart disease were studied The cardiac 
patients represented all grades of congestive failure In most in- 
stances the same patient was investigated with vanous degrees of 
edema 
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The degree of edema of the legs has been judged according to the 
extent of distribution The term “marked edema” has been used to 
describe those cases m which the entire lower extremity was mvolved 
When the entire leg below the knee was swollen but the thighs were 
not, the cases yere considered to have “moderate” edema Edema 
confined to the ankles and feet has been called “shght ” Smce the 
presence of edema in a given spot had to be determined by “pittmg,” 
and since it is well known that a leg may contain a liter or mote of 
excess flmd without demonstrable “pittmg,” it is obvious that what 
we have called “no edema” was really, in some instances, unrecognized 
edema. 

It soon developied from our studies that digitahs mtoxication had a 
marked effect on the femoral venous oxygen content Therefore, it 
became necessary to adopt certain defimtc criteria for dassifymg our 
patients in this regard Accordingly, any mdividual who had been 
receiving digitalis was considered to be suffenng from over^dosage 
whenever he developed (a) nausea, (6) vomiting, or (c) pulsus bigem- 
mus, provided that the toxic symptoms disappeared within three days 
after the admimstration of the drug was stopped 

Diminished alkah reserve of the blood was also found to be fre- 
quently assoaated with unusual changes m the oxygen utilization It 
became necessary, therefore, m analysing our results to fix an arbitrary 
level below which our patients would be considered as aadotic 
We have classified all mdividuals with an arterial carbon dioxide con 
tent of forty volumes per cent or less as havmg aadosis In a few 
instances the artenal carbon dioxide content was not dctenmned and 
m such cases, normal values have been assumed 

The patients studied were all adult males Two of them had conges- 
tive heart failure caused by syphilitic aortic insulfiacncy The 
others had congestive failure without valve lesions (During the six 
months in which these studies were earned out we have not had a single 
adult male with congestive heart failure of rheumatic ongm m the 
Vanderbilt University Hospital This illustrates the rantv of rheu- 
matic heart disease m the southern states as compared with other parts 
of the country (Hamson and Lcvmc, 1924) ) 

Some of the cardiac patients had regular rhj thm, others hadauncu- 
lar fibrillation, and a third group had ectopic beats 



264 


EDEMA AND OXYGEN UTILIZATION 


RESULTS 

The oxygm capacity exhibited no constant change, as the edema 
disappeared, in those individuals who had had edema for a long time 
However, two of our patients (McC and G C ) had been edematous 
for only a few days when they came to the hospital In those mdivid- 
uals diuresis was accompanied by a sharp nse in oxygen capaaty In 
their cases true hydremia (i e , edema of the blood stream) seems to 
have been present In two patients (C H and ME) who suffered 
from chrome pulmonary infections, a gradual sight faU m oxygen 
capaaty was noted dunng several months of observations Presum- 
ably, this anenua was due to the infectious process 
The artenal saturation was usually within normal hrmts or only 
shghtly abnormal Patients who had chrome pulmonary disease, 
acute severe pulmonary edema or acute pneumonia had low artenal 
saturations The lowest value which we found was 47 5 per cent m 
(H C ) dying of acute bronchopneumonia superimposed upon a rather 
severe degree of pulmonary edema In one patient with uncomph- 
cated pulmonary edema, an artenal saturation of 79 per cent was 
found twenty hours before death 

Our most striking instance of artenal anoxemia occurred, however, 
in a man (M E ) with chronicbronchitis, atelectasis and bronchiectasis 
of extreme degree This case wiU be reported elsewhere m detail 
It IS suffiaent to state here that he lived for a penod of several months 
with an artenal saturation below 75 per cent, and that he hved at least 
one month with his artenal blood less than 60 per cent saturated 
In general, it may be said that severe artenal anoxemia m patients 
with acquired cardiac disease occurs only m the presence of {a) acute 
or chronic pulmonary infection or (b) severe pulmonary edema Slight 
degrees of anoxemia are common in patients with senile emphysema or 
moderate congestion and edema of the lungs Many patients who 
have marked pulmonary congestion, as revealed by their vital capac- 
ities, accompamed or not by shght or moderate pulmonary edema, 
as judged by rMes over the bases of the lungs, have artenal saturations 
withm normal hrmts These conclusions are similar to those arnved 
at by Meakins (1923) and by Eppmger, Kisch and Schwarz (1927) 

The femoral venous oxygen content and the oxygen utilization of the 
legs As our findings m this connection appear to be new and not with- 
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out significsnce they will be presented in some detail In table 1 
are shown the results of twelve anal3rses of blood from the femoral 
veins of several hospital patients who were selected at random and who 
had no edema and no disease of the heart or blood vessels The 

TABIi 1 
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Lowest orterioNtnous differeate 2 50 Hlgbwt artenovenona difference 12,66 
Average arterio\’enous difference 6.90 


highest, lowest and average arteriovenous differences were 12 66, 
2^0 and 6 90 volumes per cent, respectively 
Simdar studies on patients with marked edema due to congestive 
heart failure are depicted m table 2 The highest, lowest and average 
utilization values in sixteen observations on seven patients were 9 00, 
1 26 and 4 OS volumes per cent, respectively 
In table 3 are shown the studies on five mdividuals with moderate 
edema In these eleven observations the figures for utilization vary 









266 


EDEMA Airo i)XYGEN UTILIZATION 


V ^ M p. 

aT; sJ ^ 

rd _rt S d . 

01 -r 


g^l". -»i' 


- S - 2 
•2^2^ 

^ f?: 


13 3 
a S I 
t, 

r; 3 ^ 


iE 

*1 E 5 

*5* 


« ^ -5 

- 3 >> 

”3 d M 


2 S Ml 
g> 0 2 , 
'A ! 


^ -S 2 

9 a ^ 

tfl W y 

d A 

■g o- § 

^ fe S 

OJ u -!-■ 


a> lo 


00 Vf> t' 
lo 


lgl§g 


s-a, 'o 

= i! o 




bO 

3 

< 

a 

u 

o 

S 

o 


Pm W fq 

p:J S H 


I November 28, 1928 17 18 j 8 18 9 00 18 28 96 0 41 0 

Lowest artenovenous difference 126 Highest artenovenous difference 9 00 Average arteriovenous difference 408 
* Patients with “pitting” of the entire leg and thigh have been classified as having marked edema 
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having moderate edema. 


The resting oxygen nlilization of individuals with cardiac disease and slight* edema 
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between 4 03 and 5 87 with an average value of 5 15 volumes per cent 
Similarly, m eight patients with shght edema, twenty-one observa- 
tions, table 4, showed values of 0 83 to 8 93 volumes per cent with an 
average of 5 44 Six cardiac patients who had previously had edema 

Volumes 
Pcf- Cent 


15 

115 

10 

75 

5 

Z5 

juLy w 31 Auq r Ilf- 



Fig 1 SUBJECT C H 

As the edema diminished the utilization (shaded and dotted areas) increased 
The arterial oxygen saturation was within normal hmits The oxygen capaaty 
did not nse as edema dinumshed The edema had been present for more than 
SIX months 

but who had no perceptible edema at the time the blood samples were 
drawn, were found m fifteen observations to have, femoral utilizations 
of 4 91 to 8 58 with an average of 6 52 volumes per cent (table 5) 

In figures 1,2, and 3, individual patients have been charted In 
each mdmdual the utilization was low when edema was present and 
rose as edema disappeared 



TINSLEY RANDOLPH HARRISON AND COBB PILCHER 


271 


The type of heart disease made no difference m the results The 
two patients with syphihtic aortic insuffiaency and the patient with 
heart failure secondary to bronchiectasis reacted in the same way 
as did the larger group of mdividuab with hypertensive heart disease 
Patients who had auncular fibnilation showed the same changes as did 
those with sino auncular rhythm 
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Aj edema diminished the utlhiation mcreased The ntihiation, when he was 
edema free, was approximately four times as great as when he had marked edema 
He had had edema for only two weeks when he entered the hospital Improve 
meat was associated with a sharp nse In oxygen capadty Ihe arterial saturation 
was slightly subnormal 


As a general rule, then, it may be stated that patienti with hyper- 
tensne or syphilitic heart disease as weU as patients with cardiac 
failure secondary to chronic pulmonary disease usually have, when 
edema of the legs is present, a high venous o-rygen and a low femoral 
artenovenous difference (utilization) The degree of diminution in 
oxygen utilization is roughly proportional to the amount of the edema 
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There are, however, at least two important exceptions to these 
generalizations One of these is seen m patients with digitahs intox- 
ication and the other can be noted m individuals who are m a state of 
aadosis In table 6, data from patients who were suffering from 
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Scpf 7 Z/ ZS 

Fig 3 Subject 1^1 E 

As edema dirmmslied the utilization increased The arterial saturation was 
very low The patient had bronchiectasis and atelectasis 

dzgitahs over-dosage are presented It wiU be noted that regardless 
of the amount of edema, such patients have femoral venous oxygen 
contents which are lower and femoral oxygen utilizations which are 
higher than those seen m any of the groups which have been con- 
sidered The values for utilization are even higher than those found 
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m control individuals In six observations on four patients the 
figures for lowest, highest and average arteriovenous oxygen differences 
were 6 10, 11 1 and 9 12 volumes per cent, respectively 



Fio 4 

In each column the highest and lowest narrow bars Indicate the highest and low 
cst utilization, respective!} The broader middle bars represent the average 
utilizations for the group It can be noted that subjects within each group show 
rather marked ^^lnat^ons in utilization The average \’alues arc consistent, how 
ever The average utilization m the cardiac patients Is almost an inverse linear 
function of the amount of edema The cardiac patients wath no edema had uti 
lization values almost os high as did the control group The utilization was verv 
high in patients with acidosis or digitalis intoxication The individuals with non 
cardiac edema had low arteriovenous differences, also, indicating that the dimmu 
tion m utilization is not specificall} ossoaated with heart disease but Is related to 
edema per se The figures m parentheses at the bottom of each column refer not to 
the number of patients in each group but to the number of observations of 
utilization. 


In patients with aadosis (oxtenal CO 40 a oluraes per cent) similar 
findings were noted These are shown m table 7 Here the lowest 



